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TEMPERATURE ALARM AND BACKUP CONTROL AMPLIFIER (MAlJA-l) 


The purpose of this document is to establish the manufacturing 
and test requirements for procurement. The taperature Alarm and fecfcup 
Control Amplifier (MA17A-1) is Intended for use 1m the Apollo Guidance 
and Navigation Equipment program. 


uJ 

krMNSTRVKLffJHpON LABORATORY 

?//{■/<! 


NASA/MSC APPROVAL 


11 


PROCUREMENT SPECIFICATION 

TOffERATURE ALARM AND BACKUP CONTROL AMPLIFIER (MA17A-1) 


1. SCOPE 

1*1 This specification establishes the requirements for the 

procurement of the Temperature Alarm and Backup Control 

Amplifier (MA17A-1) hereinafter called the amplifier. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue 1m effect on the date 

of Invitation for bids fern a part of this specification to 
the extent specified herein. 
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PROCUREMENT SPECIFICATION 
IRIG AND ACCELEROMETER TEMPERATURE 
INDICATING BRIDGE AMPLIFIER (MA16B-1) 


1. SCOPE 

1.1 This specification establishes the requirements for the procurement 

of the IRIG and Accelerometer Temperature Indicating Bridge 

Amplifier (MA16B-1) hereinafter called the amplifier. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors 

MIL-P-116 . Preservation, Methods of 

MIL-I-16910 Interference Measurement, Radio Method 

and Limits, 14 Kilocycles to 100 Megacycles 

MIL-P-17555 Electronic and Electrical Equipment and 

Associated Repair Parts, Preparation for 
Delivery of 


STANDARDS 

Military 

MIL-STD-810 Environmental Test Methods for Aerospace 

and Ground Equipment 

DRAWINGS 
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1010039 Apollo IMU Temperature Control - Schematic 

1000283 Apollo IMU Temperature Alarm a;id Backup 

Control Amplifier 

1000284 IRIG and Accelerometer *femperatare Indie a tin 

Bridge Amplifier (MA16B-1) 
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SECTION A-A 



notes: 

I. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. VAU „ 

^ IDENTIFY USING DRAWING NO, REVISION LETTER, SERIAL NO, / MANUFACTURERS SYMBOL PER MU--STD-I30 
3rENCAP5ULATE WITH EPOXY PER ND 1002036, CURING CYCLE B- 

4. ASSEMBLY TO MEET REQUIREMENTS OF PS 100284. 

5. USE SN60 SOLDER PER QQ-S-571 FOR ALL ELECTRICAL CONNECTIONS - 

Q. USE SN SO SOLDER PER QQ-S-5TI TO SOLDER COVER ASSEMBLY TO CASE 

•777 7 FINISH-VONYL WASH 4 ZINC CHROMATE PRIMER PER MIL-P-C809 TYPE I, PAINT BLACK PER FED-STD-595, NO. 2703S 
\JBL/T/3 TO BE SELECTED PER ATP AOOOZ94- AFTER A/t/T/AL EAUCAPSULAT/OAt 

[raMSE OF VALUES, FROM A* 5 Tf/Rt/ E.49K 0//A4S A A/ STEPS OF EO QA/aRS PER PART AKA. IQI03H 

- lL two resastors may be used ro get Value-Keeded 

It R-f TO BE SELECTED PER ATP AOOOE8+ AFTER AA/aTAAL £f/CAPSi/LAT/oU - 

L RAA/GE OF YALl/E, FROM I7.BK TKRd 30. / KOa/MS /At STEPS OF AOO Oa/MS ^ 

T IZ TWO RESISTORS MAY 3£ itSED TO GET VALUE WEEDED . PER PART Ate* 10/03/1 

Z AO. RSsR/+,R/f ro BE SELECTED PER ATP AOOO&84- PR/OR TO Ea/cAPSUlATAOA/ 

_7 RA/UGE OF VALUES. FROM i7.B/< T/tRit JO.AK OKMS /At STEPS OF AOO O/tARS 

ZZ TWO RESASTORS MAT BE USED TO GET V/tLl/E AtEEDED . PER PART A/O, /O/OJ/t 

tLWHtO/ite RESlSTAAfcE FOR ACCEPTANCE TEST/Atel . 

_ coa/trol h//a/o/Mss / 5 + * /% atews EAot _ere: ;:r— 

X TERAR/a/ALS G f5 AAt0 3j+ „ - 

_ ; bota/ coa/trol WaaIda/Ugs sa/all be AAArcFED W/T/t/Af O*/ OKMS* 

_ fit R/e (EXTERNAL FEEDBACK RES/STOP) TO BE SELECTED PER /ATP AOOOB84- 
RA/tGE OF VALUES , FROM AK T*tRtA 30 K O/tMS AA/ STEPS OF tOO Oa/**S 
7 : : PER PART Kb* A0/03At. OAtLY Oa/e RESASTOR MAY BE USED. 

RESASTOR PitRA/ASA/EO BY YEa/DOR 


WIRING ASSEMBLY 

1001636 


SCHEMATIC 

10016 SO 


RESISTOR 

10IO3U 

SAT 

RESISTOR 

1010311 

SAT 

DIODE 

1010497 

UTR52 

REACTOR ASSEMBLY 

1001638 


REACTOR ASSEMBLY 

1001637 


TRANSFORMER. POWER 

1001549 


PRINTED CIRCUIT ASSEMBLY 

I00IG2G 


CASE ASSEMBLY 

1001548 


COVER ASSEMBLY 

1001547 


PLATE - IDENTIFICATION 

1001543 
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UNTERPAEi* DRAWING M ACCORDANCE PltM STANDARDS PRESCRIBED BY M'L-D-70327 

2 IDENTIFY USING DRAWING NO, REVISION LETTER, SERIAL NO, / MANUFACTURERS SYMBOL PER MU.-ST0-I3O 

3. ENCAPSULATE WITW EPOXY PER ND 1002036, CURING CYCLE B - -_—. 

4. ASSEMBLY TO MEET REQUIREMENTS OF PS 100284. 

3. SOLDERIN& OF ELECTRICAL CONNECTIONS TO BE IN ACCORDANCE WITH AWL-STD-4 AO WITH SNSOWAAPR SOLDER PER QQ-S-S7I 
&. SOLDER COVER ASSEMBLY TO CASE PER M/L-S-6B7EA INITN SNSOWAAPR SOLDER PER QQ-S-S7I 
JLPIHJSHl V/NYL INASH PER MIL -C - 1532 a AND ZINC CHROMATE PRIMER PER MIL-P-Q5B5A* 

PAINT BLACK SEMI-GLOSS ENAMEL TT-ES29 CLASS B COLOR 27038 PER FED-STD-595- 
: BLR/3 TO BE SELECTED per ATP 1000234- AFTER INITIAL Ea/caPSiJLATIOW 
RANGE OF YALES** PPQM L5 rHplI 2.4 $KqNmS PER PART NO. 10106$ 4- - 

: - Z TWO PESISTOPS MAY BE MSED TO GET YaLUE. WEEDED . ...Z.'_ 

~ \R+TO BE SELECTED PER ATP 1000234- AFTER INITIAL eWcaPSI/LAT/ oW ““ 

- ■ _Z. PaWge or YALdESj prom !7. ok rWRd so. / koWms __ 

£ JJ .TWO RESISTORS MAY BE USED TO GET YALtfE WEEDED* PER PART NO. 10106$ 4- 

B. RS>A/4 t R/5 TO BE SELECTED PER ATP 1000204 PR/OR TO Eh/cAPSWlAT/oW 

_r: RA/feE or YAUHESj PAQM 17.BK Mud JO.fR OdMS . 

ZZ' TWO RESISTORS MAY BE WSED TO GET MUME WEEDED . PER RAPT WO. 10106 $4- “ZZ... 

TLWnioufG RESISTANCE rap acceptaNce test/Wbi ... 

__ CONTROL M/iNd/MmS 154- ±2%oNmS EACN .I , . 1_ ' - 

^ terminals g/s aNos4+ “ . ; r 

~ \ oorN control w/Wg/Ngs sNall be matcNed witNjN o,/ oNms. 

_ m, M3/EXTERNAL FEEDBACK RESISTOR) TO BE SELECTED PER iATR 1000234- 

z .iw range or yalNes, from ik tnrw 30 r oWms /N steps or too ohms 

7t PER PART WO. 1010311* TWO RESISTOR VALUES SHALL BE SELECTED AND BOTH RAPT NUMBERS AND 
... Z ,Q A S N NUMBERS SHALL BE MARKED OH THE COVER* AS SHOWN* PEA NO 100201$ AND I002l22 T/PEJT CLASS 2 
<3 R7 70 BE SELECTED PEA ATP 1000234 AFTER INITIAL ENCAPSULATION Z . 

__ RANGE OP VALUES* PROM 5K THAU ISK OHMS . . 

“ TWO RESISTORS MAY BE USED TO GET VALUE WEEDED. PEA PART MX 101069* 

I4t INSULATE ELECTRICAL COMPONENTS PROM CASE WITH A .007 GRAY FIBER SWEET PER MIL -X- 69 5A TYPE P 

WITH A MINIMUM DIELECTRIC STRENGTH OP ESO VOLTS PER MIL __ _- 

J5. CENTER IDENTIFICATION PLATE OYER POTTING HOLE - . ;ZZ....„..Z.Z. _ 
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VIEW C-C 


4-40NC-2A-' 

C C 

T T 

NOTES: 

\JNTERPRET DRAWING Iff ACCORDANCE. IAIITN STANDARDS PRESCRIBED BY M!L-D~70367 

2 IDENTIFY USING DRAWING NO, REVISION LETTER, SERIAL NO, 4 MANUFACTURERS SYMBOL PER IVUL-STD-130 

3. ENCAPSULATE WITH EPOXY PER ND 1002036, CURING CYCLE B _____—.- 

4. ASSEMBLY TO MEET. REQUIREMENTS OF PS 1000284. 

6- solder cover assembly ro case per. mil-s-gbtea with snsowrapr solder per oq-s-57! 

7. FINISH: VINYL WASH P£R M/L-C - /532a AND ZINC CHROMATE PRIMER PER MIL- P-QSB5A* 

7 —. PAINT BLACK SEMI-GLOSS ENAMEL. TT-E-S2$ CLASS 3 COLOR 27036 PER FED-STD- 5^5 

6L/T/3 TO 33 SELECTED PEP ATP 1000234- APTEP iN/TIAL Ea/caFSHlATION 
PANGE OP VALUES, FPQM 1.5K 77/Ptf 6.49K Ot/MS PER PART NO. 1010*9 4* 

~ TWO RESISTORS MAY BE dSED TO GET VALUE NEEDED 

~ \ R+ TO BE SELECTED PEP ATP 1000664- AFTER /NlTIAL Ej/cAPsHlAT/OA( 
range of values, from 17 . bk then so. t koNms 
-i TWO RESISTORS MAYBE tiSED TO GET i/ALifC NEEDED • PER PART NO. 1010694- 

. 47 . RfjRI+jP/f rose SELECTED PER ATP 1000634- PR/OP W eNcAPSJlAT/O f/ 

_r range of yalneSj frqm h.Bk tNrl/ 30 .fR oNms 

ZZ. TWO RESfSTORE MAY BE ifSED TO GET VALUE NEEDED. PER PART NO. IOJ06J4 

!L WtY d ate resistance pop acceptance test/Ngx 
_ . CONTROL VY/No/Ates f54-±2% ONfVtS EACN 

Z TERMINALS 6(5 ANO 34+ 

-t bqtN control WiNdiNgs shall be matched WitNii/ o./ oNms. 

_ B. RtB(EXTERNAL FEEDBACK RESISTOR) TO BE SELECTED PER sATP 1000604- 

range of values, from IK thru 30 k oNms. 

PER PART No. 10103 fU TWO RESISTOR. VALUES SHALL BE SELECTED AND BOTH 
7 DASH NUMBERS SHALL BE MARKED ON THE COYER, AS SHOWN, PER NO 100601 $ AND 1006166 TYPES CLASS 1 

3 R7 TO BE SELECTED PER ATP 1000634 AFTER INITIAL ENCAPSULATION 

-.I RANGE OF VALUES, FROM SK THRU IS KONMS . 

~ TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 101069 4 

f4t INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY FIBER SHEET PER M/L-Z- 69 SA TYPE P 
WITH A MINIMUM DIELECTRIC STRENGTH OF 250 VOLTS PER MIL 
- 75. CENTER IDENTIFICATION PLATE OYER POTTING HOLE. ! 7._Z. 


5. SOLDERING OF TERMINALS TO BE IN ACCORDANCE WITH MIL-STD-440. ALL 
OTHER ELECTRICAL CONNECTIONS SOLDER PER MIL-S-6872 WITH SN60 
WRAP2 SOLDER PER Q0-S-57I. 

16.TOP DASH NO. IS FOR IRIG BRIDGE IND. AMPL.CONFIGURATION, BOTTOM DASH 
NO. FOR ACCEL BRIDGE IND. AMPL.CONFIGURATION. 
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TRANSFORMER, POWER 
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PRINTED CIRCUIT ASSEMBLY 
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CASE ASSEMBLY 

1001548 
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COVER ASSEMBLY 
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I RIG AND ACCELEROMETER TEMPERATURE 
INDICATING BRIDGE AMPLIFIER 


The purpose of this document Is to establish the 
manufacturing and test requirements for procurement of the IRIO and 
Accelerometer Temperature Indicating Bridge Amplifier which Is in¬ 
tended for use in the Apollo Guidance and Navigation Equipment pro¬ 


gram. 
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PROCUREMENT SPECIFICATION 
IRIO AND ACCELEROMETER TEMPERATURE 
INDICATING BRIDGE AMPLIFIER 


1. SCOPE 

1.1 SCOPE. This specification establishes the requirements for the 

procurement of the IRIO and Accelerometer Temperature Indicating 
Bridge Amplifier hereinafter called amplifier. 

2. APPLICABLE DOCUMENTS 


2.1 


The following documents of the issue In effect on the date of in¬ 
vitation for bids form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 


Military 

MIL-P-116 

MIL-E-17555 

Apollo G ft N 
ND-1002023 

ND-1002059 
ND-1015404 


N£-1002019 


Preservation, Methods of 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Procedure for Serialization of Components, 
Assemblies, etc., for Apollo Guidance and 
Navigation Equipment. 

Qualification Specification, Magnetic 
Amplifiers 

General Specification, Configuration, 
Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use In Spacecraft and Supporting 
Equipment. 

Marking, leneral Specification for 
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STANDARDS 

Federal 

FBD-STD-595 Colors 

Military 

MIL-STD-130 Identification Marking of TJ.S. 

Military Property 

- MIL-STD-202 Test Methods for Electronic and 

Electrical Component Parts 

DRAWINGS 


Apollo G&N 
1000284 

1001540 

1001549 


IRIG and Accelerometer Temperature 
Indicating Bridge Amplifier 

Coil 8c Core Assembly (Reactor 2nd Stage) 

Coil & Core Assembly (Power Transformer) 


1001550 Coll & Core Assembly (Reactor 1st Stage) 

(Cop-.es of Spec-.* _ cations, standards, drawings, and publications 
required by suppliers in connection with specific procurement 
functions should be obtained from the procuring activity or as 
directed by the contracting officer). 

2.2 CONFLICTING REQUIREMENTS. In the event of conflict between the 
requirements of this specification and other specifications and 
drawings cited herein, resolution must be obtained from the MIT 
Apollo Management Office via the purchaser. 


3. REQUIREMENTS 

The requirements of th* oecification are classified Into two 
headings: 

General Requirements which are defined in paragraph 3.2 
and Performance and Product Characteristics which are 
defined in paragraph 3*3 

3*1 DESCRIPTION. The amplifier shall be a magnetic amplifier designed 
to linearly amplify the differential current in the legs of a dc 
resistance bridge. The output of the amplifier shall be 0 to 5 vdc 
(6 vdc maximum) proportional to the IRIG or accelerometer temperature 
for use in telemetry (VCC), and to drive the Temperature Alann and 
Backup Control Amplifier via a logic network. The amplifier shall 
have one external feedback resistor to adjust the gain for the IRIG 
temperature application-and another external feedback resistor to 
adjust the gain for the accelerometer temperature application. 

These two feedback resistor values shall be furnished and marked 
on the amplifier by the supplier. 
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3.2 


3.2.1 


3 . 2.2 


3.2.3 


3.2.4 

3.2.4.1 

3.2.4.2 


GENERAL REQUIREMENTS 

qualification Testing . When specified by the purchaser, a 
representative sample of the amplifiers shall be manufactured 
using the methods and procedures proposed for the production lot. 
These shall be submitted to the NASA Inspector for Qualification 
tests at an activity designated in the contract or by the purchaser. 
These qualification tests are conducted to determine whether or 
not the amplifiers are being produced In compliance with the 
requirements of the contract, specification, and drawings. 

Failure of the amplifiers to meet these requirements may result 
in disqualification of the supplier as determined by NASA or the 
purchaser. 

Further production of the item by the supplier prior to approval 
of the purchaser or the completion of qualification tests shall be 
at tne supplier's risk. Requalification will be reouired at the 
discretion of NASA or the purchaser in the event that, (a) the 
supplier has modified the item, (b) the supplier has Instituted 
a change in the material used or in his processing, and (c) the 
specification requirements for the Item have been amended or re¬ 
vised sufficiently to affect the character of the item. 


The oualification tests will be conducted in accordance with the 
procedure specified in Section 4. 


hequallfication Testing . When specified by the procuring 
activity, the supplier shall submit one or more amolifiers to be 
selected from each oroduction lot by the procuring activity for 
submission to a designateo testing activity to determine com¬ 
pliance of the sample (a) with the requirements of the contract 
specification, and drawings. ' 


yateriais and instruction . The materials used in fabricating the 
amour*ers shall be in strict accordance with the aorlicable 
drawings and specifications referenced herein. Substitute 
materials shall be selected with such qualitv as to ensure that 
the eouioment will meet the requirements of this specification 
and shall be subject to prior approval of the procuring activity. 

Dimensions^ Fini sh, and Marking . The weight, dimensions, 
finloh, and margin*, of the amplifier shall comoly with the 
requirements specified, herein or on the applicable drawings. 

Weight . The weight of the amplifier shall not exceed 2.4 ounces. 


Finish . Finish shall be 16 specified cm the epplloeble drawing* 
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4.3 parking. Marking shall he In; acaord&Aoa with MIL-STD-130 and 
Specification NI>-1002019, and as apssinad on the applicable * 
drawing. 


s 
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I® 

’ll 


■^■^4-.' iL -ft. - 

nt ( - r r*5«r f'1y ) 
nicer a ssir.ed in 


acn amplifier identified by General Arrange- 
Drawl ns? shall be identified by a serial 
accordance with Specification*ND-1002023. 


* oncrcansn 1 t 
nr ;•••• mr,l !ss, 

in "*‘rvi / '. , 


JL 


“ h " fabrication and finish of the amplifier. Its 
jra-^embUes. and parts shall be such as to produce 
rcrr. any defect that would affect proper functioning 
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Warranty. A warranty shall 
by correction or replacement 
to be defective In material 
(6) months after acceptance. 


provide for the supplier to remedy 
any component or end item found 
or workmanship not later than six. 


The allowability of the cost of any such 
ment shall be determined as provided in 
appropriate contrac* ent 4 tied "Allowable 
Payment , and Inspection and Correction 


correction or replace- 
the clauses of the 
Cos% »lx«d Tee and 
of Defects". 



i ‘ 1 .n is intended to meet 

a 4 1-ast ?C,COC hours of ooera- 
tr® surv-ier's test time of * he completed unit. 



teaspera^ur* 


Th» amplifier design is intended 
l®ast c years, w« * h * ;t operation, 
a f f e r r ! ns i sccen* an®* «t the *■>***■ 


to have a shelf 
t ambient room 
•1 i°r # s plant. 


r eh ny a :: ~ e a n t p ro :-rjc"" 

~ lire me r. * r - r® s t oted to 
'''h G ra^*«''' < '*!c > s rd ^f * 
e ?irn. ' n -1 n «i on c f t h 

ry the currlier as autho 


1HARAC~3hIT rI CS . The following re¬ 
in form ♦ne supplier of specific 
^e goals that were considered in the 
is information shall net be construed 
Azat ion to modify the design. . 


If the design of any part Is not completely specified by the 
contractual documents, the supplier may submit a suggested 
design document for approval which will support these require¬ 
ments. 


If, in the opinion of the supplier, any design or testing 
shall impose undue time delay or expense, he shall so atate. 

In detail. In a counter-proposal, substantiating all contrib¬ 
uting factors when submitting a bid, proposal, or change request 
in connection with this ?peo!^i^a*ion. 
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3.3.1 

3.3.1.1 


3.3.1.2 


3.3.1.3 


3.3.1.4 


3.3.1.4.1 


3.3.1.4.2 


Apollo 3 1 K 3p«0lfloatloo 
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Requests fop chants op deviations to this specification op to 
applicable drawings, specifications, publications, materials, op 
processes specified herein shall be accompanied by written 
Justification. 

Functional Requirements . 

Winding Resistances . DC resistance of the windings shall be as 
specified on Apollo Q ft N Drawing 1000284, 100154©. 1001544. and 
1001550. * 

Dielectric . Strength . The amplifier shall exhibit no evidence of 
breakdown when subjected to a 500V rms voltage. : v 

tnsulatlon Resistance . The Insulation resistance of the amplifier 
shall be lOO megohms minimum. ... 

Performance . Performance of the amplifier shall be as follows* 

M aximum Current Input . Maximum current input shall not exceed 
3o ma under any" conditions. .... 

M aximum Output . Maximum output shall not exceed +6.00 vdc. 


3.3.1.4.3 


3.3.1.4.4 


3.3.1.4.5 


M J . n f n P i> Output . Minimum output shall be between -0.70 vdc and 
+ 0.10 vdc. .... 

D ifferential Balance . When equal currents of 6.00 + 0.12 ma are 
nowing through both input windings, the output shall be 2.5 
+ 0.1 VdC. » V':' .... 

Qaln and Linear ity-Accelerometer Appllcetton. When eaual 6.00 
+ 0.12 ma dc reference currents are fTow'IWg through both Input 
windings and when the current throu^ one winding is then increased 
or decreased as specified In Table I, the output shall be as 
specified in that table. The amplifier shall operate as specified 
after reaching thermal stability with the ambient temperature 
specified in 4.2.1 and again after reaching thermal stability 
with an ambient temperature of 150° *5°F. when the ambient 
temperature is returned to that specified in 4.2.1 and after 
thermal stabilization occurs, the amplifier shall again operate as 
specified. ?, : . ... 


I 


Table I. Accelerometer Application 


Current in one winding 
varied as follows: 


Output voltage 
shall be« 


-46 • 0 M- amp 
-25.0 jul amp 
0.0 

♦23. C jm amp 
+46.0 amp 


0.00 f 0.20 vdc 
1.25 ^ 0.15 vdc 
2.50 T 0.10 vdc 
3.75 ** 0.15 vdc 
5.00 + 0.20 vuc 










3.3.1.4.6 
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10 Dec* 1963 

Hippie . Output peak-to-peak ripple shall not exceed 50 mv.(0-10 ka) 


3.3.1.4.7 Output Impedan ce. The output Impedance shall be less than 
l,0o<3 ohms~ r ’ *; . . . 

3*3.1*4.8 Qaln yd Llnearlty-IRIQ Application. When equal 2.00 + 0.04 ma 

dc reference currents are flowing through both input windings and 
when the current through one winding Is varied as specified in 
Table II, the output shall be as specified in that table. The 
amplifier shall operate as specified after reaching thermal 
stability with the ambient temperature specified in 4.2.1 and 
again after reaching thermal stability with an ambient tem¬ 
perature of 1^0° +5°F. When the ambient temperature is returned 
to that specified in 4.2.1 and after thermal stabilization occurs, 
the amplifier shall again operate as specified. 4 ^ 


Table II. IRIO Application 


Current in one winding 
varied as follows: 

Output voltage 
shall be: 

- 92 . 1 * ■ amp 

O.oO + 0.20 vdc 

-46. 0 r amp 

1.25 + 0.15 vdc 

0.0 

2.50 T 0.10 vdc 

♦ 46.3' jlk amp 

3.75 T 0.15 vdc 

♦ 92.10 jjl amp 

5.00 T 0.20 vdc 


3-3.2 Enviro n mental Requirements . The amplifier shall be capable of 

meeting the requirements of Specification NL>- 1002059 . When a 
particular requirement in Specification ND -1002059 Includes the 
amplifier’s capability of operation while being subjected to an 
environment, this shall be construed to mean that an output of 
t 0.15 vdc shall be maintained undef standard operating rr 
conditions as defined in .1.*. 
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3 . 3.3 


3 . 3 . 3.1 


3 . 3 . 3.2 


3 . 3 . 3.3 

3 . 3 . 3.4 


3 - 3 * 3.5 


3 . 3 . 3.6 


3 . 3 . 3.7 


3 . 3 . 3.8 


Design Requirements . 

Tnterchangeabi11ty . Unless otherwise specified, the amplifier 
and its~competentparts shall be physically and functionally 
Interchangeable without selection or fitting. 

Reliability . The amplifier shall be capable of operating a 
minimum of 20,000 consecutive hours without maintenance under 
any combinations of conditions specified herein and shall have 
a maximum failure rate of 0.5 failures per 1,000.000. 

Radio Interference Suppression . The suppression of radio noise 
in'S’Tnterfepence" shall be considered in the design of the amplifier. 

Flammable Mat erials . Materials which may be ignited or cause an 
explosion "shall not be used for construction applications where 
sparking or arcing could cause Ignition. Materials which may 
inadvertently support combustion shall not be used. Flammable 
Impregnating, potting or embedding compounds, when enclosed in 
fire-resistant containers shall be acceptable. 

T oxic Materials . Materials which produce haimful toxic effects 
(luring service usage shall not be used. Where a suitable non- 
toxic material is not available, preventive measures shall be 
provided, subject to the approval of NASA. Materials which 
when ignited, produce toxic substances or vapors shall be avoided 
whenever practicable. 

Unstable Materials . Materials which are unstable or become un¬ 
stable to the extent that they emit or deposit corrosive sub¬ 
stances capable of causing corrosion or producing electrical 
leakage paths within an assembly unde~ possible operating and 
storage conditions shall not be used during manufacture or 
recommended for use during maintenance. 

Co rrosion . Moisture, and Fungus-Resistant Materials . Materials 
shall be selected for noncorrbslve and nonhygroscopie character¬ 
istics and ability to resist the effects of corrosion, moisture 
and fungus. Preference shall be given to materials with inherent 
fungus resistance rather than reliance upon the application of 
surface fungistatic or fungicidal treatments. 

Di ssimilar Metals. The use of dissimilar metals shall be avoided 
whenever practlcable. Magnesium shall not be used except with 
the prior approval of the procuring agency or when so called for 
on the applicable Apollo 0 ft N drawings. 





4. 


4.1 


4.1.1 


4.1.2 


4.2 


4.2.1 


4.2.2 


QUALITY ASSURANCE PROVISIONS 
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QKNI5RAL. Unless otherwise specified herein, the supplier is 
responsible for the performance of all inspection requirements 
prior to submission for NASA inspection and acceptance. Except 
as otherwise specified, the supplier may utilize his own facilities 
or any commercial laboratory acceptable to NASA. Inspection 
records of the examinations and tests shall be kept complete and 
available to NASA as specified In the contract or order. The 
supplier shall conform to Class 1 >f Specification ND-1015404. 

Acceptance Tests. These tests shall be accomplished on each 
ampTYfTer being - submitted for acceptance unuer the contract. 
Acceptance test data on each unit accepted must accompany shipment 
to the purchaser. Acceptance tests shall be witnessed by the 
cognizant government inspector, a representative of the purchaser, 
or as the purchaser may direct in the procurement order. These 
tests are detailed in 4.2. Failure of the amplifier to comply 
with these requirements shall result In rejection of the item. 

Qualification and Requalifl cation Tests . Qualification and Re- 
qualifteation tests shall be accomplished at a NASA designated 
activity. These tests, as outlined in 4.3, shall be conducted 
after the award of the contract to determine that the production 
will meet all requirements of this specification. Acceptance shall 
be beseu on no oefects in the amplifier. 


Failure of the amplifier to comply with these requirements shall 
result In the rejection of tht lot or the cessation of production, 
as determlneo by the purchaser. 


ACCEPTANCE TESTS 

Test Conditions. Unless otherwise specified herein, the amplifier 
sK5TT be liubjbeted to tests under the following ambient conditions: 

(a) Temperature: 25 ± 10° C 

(b) Relative Humility: Not more than 9<# 

(c) Barometric Pressure: 28 to 31 inches Hg. 

Test Power. The following electrical inputs, as measured at the 
unit under test, are necessary for testing this Item: 

(n) oo + ?v ms, 3200 + 32 cps, square wave, 1.0 va maximum power. 
The square wave shall Have a rise time of 20 )k seconds maximum 
and a balanced duty cycle within 5-0 percent. 

(b) 19.28+0.1 vdc, 12 ca 

(c) 9,04+0.1 vdc,.4 ®a 
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4.2.3 


4.2.4 

4.2.5 


4.2.6 


4.2.7 
4.2.7«1 
4.2.7.2 


Visual and Mechanical Inspection. A comprehensive inspection 
shall He made 6 f the amplifier To determine the extent of com¬ 
pliance with the requirements of this specification and the 
applicable Apollo Q&N drawing specified in Section 2 and shall 
at least include determination of the followings 

(a) Size, dimension, tolerance, weight, appearance and markings. 

(b) Adequacy of materials, parts, and subassemblies; compliance 
with specific ratings, and conformance to applicable 
specifications. 

(c) Finish, coatings, construction, markings, and nameplates, 
as applicable. 

(d) Wiring, cabling, welding, soldering, color coding, and 
terminals, as applicable. 

(e) Workmanship and cleanup. 

DC Resistance. DC resistance shall be tested by using method 
303 of M1L-T5TD-202 and shall be as specified on Apollo Q&N 
Drawings 1000284, 1001540, 1001549 and 1001550. 

Dielectric Strength. Dielectric strength shall be checked 
by applying a BOcV”rms, °P S voltage between each terminal 

and the case and a 200V rms, 60 cps \10QK source imoedance) 
voltage between the terminals specified in Table ILI. The leakage 
current shall not exceed 1.0 ma. This test shall be conducted 
in accordance with method 301 of MIL-STD-202. 


Table III. Dielectric Strength and Insulation Resistance 


Between Terminals: 

Between Terminals: 

1 and 3 

6 and 3 

1 and 0 

6 and 0 

1 and 8 

3 ana 8 


Insulation Resistance. Insulation resistance shallbe checked 
by applying a 300 v 3 c voltage (current limited to 6 uamp) 
between each terminal and the case and between the teminals 
specified in Table HI. The minimum acceptable resistance shall 
be 100 megohms. This test shall be conducted in accordance 
with method 302 of MIL-STD-202. 

Performance. Performance of the amplifier shall be checked as 
folTow T:—Unless otherwise specified, the amplifier shall be 
connected as specified in test setup shown in Figure 1. 

Maximum Current Input. Adjt a variable resistor R5 to obtain 
the maximum amplTfl er output, (meter M2). The 3200 cps supply 
current shall not exceed 50 ma as indicated on meter Ml. 

Maximum Output. Adjust R5 to its maximum resistance position. 
The output’ voltage (meter M 2 ) shall not exceed +6.00 vdc. 


9 





Apollo G&N Specification 
PS-1000284-D 
10 December 19^3 


4 # 2.7.3 

4.2.7.4 

4. 2 . 7.5 


4.2.7.6 

4.2.7.7 

4.2.7.8 


Minimum Output, Adjust R5 to Its minimum resistance position. 
The output voltage (meter M 2 ) shall be between -0.70 vac and 
+ 0.10 vdc. 

Differential Balance. Adjust R5 to 0 + 10 u volts on M3. 

Voltage at M 2 shall be 2.5 + 0.1 vdc. 

Gain and Linearity-Accelerometer Application. Adjust R5 to the 
values specified in Table TV.. The voltage - at M 2 shall be as 
specified In Table IV.. This test shall be performed three 
times, once in each of the following ambient temperatures in the 
sequence Indicated, after the amplifier and feedback resistor 
(Ro) attain thermal stability in the ambient temperatures 

(a) The temperature specified in 4.2.1 

(b) 150° + 5<>F 

(c) The temperature specified in 4.2.1 

Table 17. Accelerometer Application 


R5 Setting 


38.00 ohms 
49.00 ohms 
60.00 ohms 
71.00 ohms 
82.00 ohms 


Output voltage 
at M2 (vdc) 


0.00+0.20 

1.25+0.15 

2.50'T0.10 

3.75+0.15 

5 . 00 + 0.20 



Hippie. Connect a calibrated oscilloscope in parallel with M2. 

The peak-to-peak ripple shall not exceed 50 mv ( 0-10 kc) for 
any value of R5 specified in Table IV# 

Output Impedance. Adjust R5 for a 4. 0 + 0.1 vdc output at M 2 . 

After closing switch SI, the voltage aT M 2 shall be 2 vc’c minimum. 

Gain and Linearity-IRIG Application. Figure 2 shall be used to 
conduct this test. Adjust R5 to We values specified in Table 
V.. The voltage at M 2 shall be as specified in Table V. This 
test shall be performed three times, once in each of the 
following ambient temperatures, in the sequence indicated, after 
the amplifier and feedback resistor (R 6 ) attain thermal stability • 
In the ambient temperature: 

(a) The temperature specified in 4.2.1 

(b) 150° + 5°F 

(c) The temperature specified in 4.2.1 
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20-2V rms 

A 3200-32 cps 

9.04±0.1 vdc (see 4.2.2.a) 



R1,R2 s 2.OK ±C.l*, matched 
to C.01 ohm at 25°C, 
stable to 15 opm/year, 

T.C. of 5 ppm/oc max* 

R3 = 1 • Q K ±0.01* 

R4 = 2365.3 ohms ±0.0!* 

R5 * 0 to 1.0K decade resis¬ 
tance (G.R. 1432K or equlv.) 

R6 s IRIS Redback Resistor 

(value as marked on amplifier) 
R7 - 25OK ±1.0* 

R8 = 13777 ohms ±0.01* 


Ml sr Thermal Milllameter 

(Weston 622 or equlv.) 

M2 s DC Differential Volt¬ 
meter, C.05 * accuracy 
M3 r DC Mlcrovoltmeter (M.f. 
425A with floated input, 
or equlv.). This meter 
application la highly 
critical and any equiva¬ 
lent meter shall be care¬ 
fully evaluated. 


Figure 2. Test Setup - IRIG Application 
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TABLE V.I FUG APPLICATION 


R5 Setting 

Output Voltage 
at M2 (vdc) 

767.8 ohms 

064.3 ohms 

565*3 ohms 

470.3 ohms 

37c.3 ohms 

0.00 + 0.20 
1.25 * 0.15 
2.50 + 0.10 
3.75 T 0.15 
5.00 T 0.20 


4.3 QUALIFICATION AND REQUALIFICATION Qualification and re¬ 
qualification tests shall be performed in accordance with Specifi 
cation ND-1002059* When amplifier operation is included as a 
condition in a test in Specification ND-1002059, the amplifier 
shall be operated under standard operating conditions (see 6.1.1) 
The output shall be monitored during operation under standard 
operating conditions and shall be 3*75 + 0.15 vdc at all times. 

4.4 RELIABILITY. The reliability requirements contained in 
Section 3 of this specification are design objectives. Unless 
specifically called for in the procurement contract. It shall 
not be necessary for the supplier to demonstrate his compliance 
with the requirement. The supplier will furnish the purchaser 
or NASA such data as he may have available for establishing the 
current reliability of these units. Additional data shall be 
accumulated to as great a degree as possible from the tests 
specified herein or any other tests the supplier may conduct 
which will tend to support or certify attainment of the 
reliability objectives specified. 
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5. PREPARATION *0R DELIVERY 

5.1 PRESERVATION AND PACKAGING. The amplifier shall be pre¬ 
served and packaged In accordance with Specification 
MIL-E-17^5% level B # as specified In the contract or 
purchase order. 

5.1.1 Level S (Halted Military Packaging). Level B packaging 
Is that which will afford adequate protection against 
damage during multiple domestic shipments, handling, and 
covered storage. 

5.1.1.1 Cleaning . Cleaning for Level B preservation and packaging 
shall be In accordance with method C-l of Specification 
KIL-P-116. 

5.1.1 .2 Vnlt Protection. The amplifier shall be Individually 
affor^d unit protection In accordance with method III 
of Specification MIL-P- 116 . In addition, equipment 
packaged for level B protection shall be sealed against 
water and dust by means of suitable wrapping. 

5i2 REPA r R PARTS. Repair parts shall have preservation and 

packaging per the applicable repair parts list an! Its 
packaging supplement. 

5.3 PACK T N3. The ®aulpmert. shell be packed in accordance with 
Specification . M IL-S-r’ crc , level 3. 

5.4 MARKING. In addition to any social marking required by 
the contract or order, the marking of unit, interior 
packager, and exterior shipping containers shall be in 
accordance with level B of Specification MIL-2-1^ 555 . 


6 . NOTES 

6.1 DEFINITIONS 


6.1.1 


For the purposes specified 
. rating conditions shall be 
defined as operation of the arol 1 fler with the Inputs and 
test connections specified In Figure 1 and with R5 (Figure 1) 
set at 71.00 ohms. 
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Apollo 1 + N Coaoi f 1 cat ion 

5° Sept. 1963 


NOTICEI When NASA drawings, specifications, 
and other data are used for any purpose other 
than In connection with a definitely related 
NASA procurement operation, NASA therby Incurs 
no responsibility nor any obligation whatsoever, 
erd the fact that NASA may have formulated, 
fu n1 shed, or in any way supplied the said 
diuwings, specifications, cr other data is 
not to be rgarded by implication or other¬ 
wise as in any manner licensing the holder or 
any person or corporation, or conveying any right 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 
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PROCUREMENT SPECIFICATION 
DUG AND ACCELEROMETER TEMPERATURE 
INDICATING BRIDGE AMPLIFIER 


1. SCOPE 

1.1 SCOPE. This specification establishes the requirements for the procurement of the IRIG 
and Accelerometer Temperature Indicating Bridge Amplifier hereinafter called amplifier. 

1.2 CLASSIFICATION. The requirements for the equipment covered by this specification shall 
be classified as follows: Unless identified by the respective type, all requirements of this 
specification are applicable for all types. 

a. Type I: The requirements for Part Number 1000284-000 shall be designated as Type I . 
in this specification and identified as PS 1000284-000. 

b. Type II: The requirements for Part Number 1000284-011 shall be designated as Type II 
in this specification and identified as PS 1000284-011. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form a part 
of this specification to the extent specified herein. 


SPECIFICATIONS 

Military 

MIL-P-116 Preservation, Methods of 

MIL-E-17555 Electronic and Electrical Equipment and Associated 

Repair Parts, Preparation for Delivery of 


Apollo G & N 

ND-1002023 Procedure for Serialization of Components, Assemblies, 

etc., for Apollo Guidance and Navigation Equipment 

ND-1002059 Qualification Specification, Magnetic Amplifiers 


ND-1015404 General Specification, Configuration, Process and 

Quality Control Requirements for Suppliers of 
High Reliability Articles for Use in Spacecraft 
and Supporting Equipment 


ND-1002019 Marking, General Specification for 
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Apollo 9H 3ne: mention 
PS-100028A-I 


4. QUALITY AEEURANCE PR0VI3I0NG 

4 #1 GENERAL. Unless otherwise specified herein, the supplier Is 

responsible for the performance of all Inspection requirements 
prior to submission for NASA inspection anc acceptance. Except 
as otherwise specified, the supplier mav utilize his own facilities 
or an? commercial laboratory acceptable to NASA. Inspection 
reco-cs of the examination 3 and tests shall be kept complete and 
available to NASA as specified in the contract or order. The 
supplier shall conform to Glass 1 of Specification ND-I01p404. 

4)1 Acceptance Tests. These tests shall be accompltshed on each 

ambinTlVrTieliVc^submitted for acceptance unuer the contract. 
Acceptance test aata on each unit accepted must accompany shipment 
to the purchaser. Acceptance tests shall be witnessed by the 
'ogr.’zant government Inspector, a representative of the purchaser, 
or'ai the purchaser may direct In the procurement order. These 
tests are detailed «n 4.2. Failure of the amplifier to comely 
with these requirements shall result in rejection of the Item. 

4 . 1.2 Qualification and Re quo 11 f 1 cation Teats. Qualification ’.n<l Re- 
oufn.TficVt'i'on"T^Ta~l&aTT be Vco'crblTeKed at a NA3A deal gnuted 

' activity. These tests, a? outlined In 4.1, shall be conducted 
after the award of the contract to determine that the prediction 
will meet nil requirement? of this specification. Acceptance shall 
be based on no defects- In the amplifier. 

Failure of the amplifier to cornel ' with these requirements shall 
result In the reflection of the lot or the cessation of production, 
as determined by the purchn 3 er. 

4.2 ACCEPTANCE TESTS 

4 . 2.1 Test Conditions* Unless otherw’.se specified herein, the amplifier 
sTuT! Subjected to tests under the following ambient conditions! 

(a) Temperature: ^ ® 

(b) Relative Humidity: Not more then 90£ 

(o) Barometric Pressure: to 31 inches Hg. 

4 . 2.2 Teat Power. The following electrical «nputs, as measured at the 
unit under teat, are necessary for testing this item: 

* (a) Type I, 20 ± 2V rms, or Type 11,21 ± 3V rm®, 3200 ± 32 epe, square wave, 

1 ,0 va maximum power. The square wave shall have a rise time of 20 p seconds 
maximum and a balanced duty cycle within 5.0 percent. 

(b) ld.;:.-o+ 0 ,l vde, 12 ma 

(c ) h.O**’ J-0. 1 vdo, 4 ms 








Apollo 3 A F Speciflcatlo" 

o $ .i r>or oq 4 . p 


20 ± 2 V rms (Type I) 
21*3V rms (Type II) 
3200*32 cpe 

10.? n -0.1 vdc (see 



R1,R2 s 1.5K-0.I*. etched 
to C.01 ohn at ?5°C, 
stable to 15 ppa//ear, 

?.C. of 5 ppa/°C max, 

R3 s 1.5K XO.OK 
R4 r 1.56K *0.01* 

R5 * 0 to 100 ohm decade resis¬ 
tance (G.R. 1432K or equiv) 

R6 * Accel, feedback Resistor 

(value as marked on amplifier) 
R7 r 260K -l.ct 
R5 r 1.OK -1. 0 < 

R9 = 4162 ohms -0.C1* 


Ml z Thermal Mil 1la^meter 

(Weston 6° 7 or equiv.) 

M? s DC Differential Volt¬ 
meter, aecuracy 

M3 3 DC Microvoltmeter (H.P. 
425A with floated Input, 
or eouiv.). This meter 
application is highly 
critical and any equiva¬ 
lent meter shall be care¬ 
fully evaluated. 


v» r.ure 1, Test Setup - Accelerometer Application 
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(value 
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ched 
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C max. 
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4. DUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Unless otherwise specified herein, the supplier 1 - 
responsible for the performance of all Inspection requirements 
prior to submission for NASA Inspection ana acceptance. Except 

as otherwise specified, the supplier may utilize his own fa»*1 11 ties 
or any commercial laboratory acceptable to NASA. Inspection 
records of the examinations and tests shall be kept complete ana 
available to NASA as sped flea In the contract or order. The 
supplier shall conform to Class 1 of Specification ND-101 *3404. 

4.1.1 Acceptance Tests. These tests 3hall be accomplished on each 
ampTHTer"T^TmTsubmltted for acceptance uraor the contract. 
Acceptance test data on each unit accepted must accompany shipment 
to the purchaser. Acceptance tests shall be witnessed by the 
’orpitzant government inspector, a representative of the purchaser, 
or as the purchaser may direct In the procurement order. These 
tests are detailed in 4.2. Failure of the amplifier to comply 
with these requirements shall result in rejection of the Hern. 

4.1.2 Qualification and Requalificatlon_Tests. Qualification and Re- 
uunTi'fTcat 1 on uesTs shall be* aecorrpITsTi’ed at a NASA deslTnated 
actlvltv. These tests, as outlined in 4.}, shall be conuuex-u 
after the awara of the contract to Determine that the pron iotLon 
will meet all requirements of this specification. Acceptance shall 
be based on no defects in the amrlifto*’. 

Failure of the amplifier t > comply with these requirements shall 
result in the rejection of the lot or the cessation ot product ion. 
as determined by the purchaser. 

4.2 ACCEPTANCE TESTS 

4.2.1 Test Conditions. Unless otherwise specified herein, the nmol 1 Tier 

■sHIiTi f&Jacted to tests under the following ambient conn itions- 

(a) Temperature: 25 + 10° C 

(b) Relative Humidity: Not more than Q0$ 

(c ) Barometric Pressure : 28 to 32 inches of Hg. 

(d) The amplifier shall be mounted on a 100 sq inch, 1/8 inch thick 
aluminum heatsink or equivalent. 

4.2.2 Test Power. The following electrical inputs, as measured at the unit under 

test, are necessary for testing this item: * 

(a) Type I, 20±2V rms, or Type II, 21±3V rms, 3200*32 cps, square wave 1.0 va 
maximum power. The square wave shall have a rise time of 20 p seconds maximum 
and a balanced duty cycle within 5.0 percent. 

(b) 19.28*0.1 vdc, 12 ma 

(c) 9.04*0.1 vdc, 4 ma 
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4.2.3 


4.2.4 

4.2.5 


4.2.6 


4.2.7 

4.2.7.1 

4.2.7.2 


Visual and Mechanical Inspection. A comprehensive inspection 
shall be made of the amplifier to determine the extent of com¬ 
pliance with the requirements of this specification and the 
applicable Apollo G&N drawing specified in Section 2 and shall 
at least include determination of the followings 

(a) Size, dimension, tolerance, weight, appearance and markings. 

(b) Adequacy of materials, parts, and subassemblies; compliance 
with specific ratings, and conformance to applicable 
specifications. 

(c) Finish, coatings, construction, markings, and nameplates, 
as applicable. 

(d) Wiring, cabling, welding, soldering, color coding, and 
terminals, as applicable. 

(e) Workmanship and cleanup. 

DC Resistance. DC resistance shall be tested by using method 
303 of MIL-STD-202 and shall be as specified on Apollo G&N 
Drawings 1000284, 1001540, 1001549 and 1001550. 

Dielectric Strength. Dielectric strength shall be checked 
by applying a fjOoV’rms, 60 cps voltage between each terminal 
and the case and a 200V rms, 65 cos (100K source imoedance) 
voltage between the terminals specified in Table III. The leakage 
current shall not exceed 1.0 ma. This test shall be conducted 
in accordance with method 301 of MIL-STD-202. 

Table III. Dielectric Strength and Insulation Resistance 


Between Terminals: 

Between Terminals: 

1 and 3 

6 and 3 

1 and o 

6 and 8 

1 and 8 

3 and 8 


Insulation Resistance. Insulation resistance shall^be checked 
by applying a Z5U vac voltage (current limited to 6 uamp) 
between each terminal and the case and between the terminals 
specified in Table III. The minimum acceptable resistance shall 
be 100 megohms. This test shall be conducted In accordance 
with method 302 of MIL-STD-202. 

Performance. Performance of the amplifier shall be checked as 
follows. Unless otherwise specified, the amplifier shall be 
connected as specified in the test setup shown In Figure 1. 

Maximum Current Input. Adjust variable resistor R5 to obtain 
the maximum amplTfler output (meter M2). The 3200 cps supply 
current shall not exceed 50 ma as indicated on meter Ml. 

Maximum Outout. Adjust R5 to its maximum resistance position. 
The output""voTtage (meter M2) shall not exceed +6.00 vac. 
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IRIG AND ACCELEROMETER TEMPER ATURE to* 

INDICATING BRIDGE AMPLIFIER A16B-1) j 


The purpose of this document is to establish the manufacturing 
and test requirements for procurement. IRIG and Accelerometer Temperature 
Indicating Bridge Amplifier is intended for use in the Apollo Guidance and 
Navigation Equipment program. 
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PROCUREMENT SPECIFICATION 
IRIG AND ACCELEROMETER TEMPERATURE 
INDICATING BRIDGE AMPLIFIER (MA16B-1) 


1. SCOPE 

1.1 This specification establishes the requirements for the procurement 

of the IRIG and Accelerometer Temperature Indicating Bridge 

Amplifier (MA16B-1) hereinafter called the amplifier. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors 

MIL-P-116 , Preservation, Methods of 

MIL-I-16910 Interference Measurement, Radio Method 

and Limits, 14 Kilocycles to 100 Megacycles 

^Jk-P-17555 Electronic and Electrical Equipment and 

Associated Repair Parts, Preparation for 
Delivery of 


STANDARDS 

Military 

MIL-STD-810 

DRAWINGS 

Apollo GAN 

1010039 

1000283 

1000284 


Environmental Test Methods for Aerospace 
and Ground Equipment 


Apollo IMU Temperature Control - Schematic 

Apollo IMU Temperature Alarm and Backup 
Control Amplifier 

IRIG and Accelerometer 'femperature Indicating 
Bridge Amplifier (MA16B-1) 


This specification consists of pages i to iii and I .1 

} to 6 inclusive. i H \ 
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PROCUREMENT SPECIFICATION 
TEMPERATURE CONTROL AMPLIFIER (PA36A-1) 


1. SCOPE 

1.1 This specification establishes the requirements for the procurement 
of the Temperature Control Amplifier (PA36A-1), hereinafter called the 
amplifier. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation 
for bids form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors 

MIL-P-116 Preservation, Methods of 

MIL-I-16910 Interference Measurement, Radio, 

Methods and Limits, 14 Kilocycles to 
1000 Megacycles 

MIL-P-17555 Electronic and Electrical Equipment 

and Associated Repair Parts, Prepara¬ 
tion for Delivery of 

Apollo G & N General Specification, Configuration, . 

ND-1015404 General Specification, Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliabili y Articles 
for Use in Spacecraft and Supporting 
Equipment 
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I INTERPRET DRAWING IN ACCORDANCE WITH MIL-0-70327. 

Z.F2 TO BE SELECTED PCX ATP WOO 235 AFTER 
v _ /N/T/AL ENCAPSULATION* RANGE OF VALUES, FPOM " 

. 40.2K TNPU IE/ KOUMS tN STEPS OF IK ONMS. TWO PES/STOPS MPT 

BE USED TO GET VALUE DEEDED , , „ , . 

, PEP PAPT So. 101031/(UP TO IOOKoNms) 4 PAPT AD. I0I03G4 (ABO/E IQOK OHMS) 

3 . Identify us/Ng drawing No., reV/s/oN letter^ sep/al no. and 

MANUFACTURERS SYMBOL.. PEP M/L *?TD m /30 

4. ENCAPSULATE Pf/Tti EPOXY PEP ED /00S03G, CURING CYCLE B 
f . ASSEMBLY TO MEET ALL PEQU/PEMCNTS OP PS 1000ZB* 

#. USE SNGO SOLDEP PEP QQ-S- 571 POP ALL ELECTP/CAL CONNECTIONS 

USE SNSO SOLDEP PEP Q<?-3-57/ TO SOLDEP CO/EP ASSEMBLY TO CASE 

7. mihdiiJg rcsista&e for ACcerrAttce rcsnfa " 

__ _ CO NT POL WINDING 1}5 QNMS E £5 ONMS 

TERMINAL 3 4 + 

e. F/N/sUt VINYL wasN aNd z/Nc c/Zpqmate pp/mep : 

PEP MIL-P-6689 types ..'. 


% P7 TO BE SELECTED PEP ATP 1000285 PP/OP TO ENCAPSULATION. 

PAAfeE OF VALUES, FROM 15 K THAN £4,9 K ONMS /N STEPS OF /00 OHMS 
! TWO RES!STOPS MAY BE USED TO GET VALUE NEEDED . PEP PAPT No. / 0 / 0 3N 
ML PG TO BE SELECTED PEP ATP /000395 AFTEP iN/T/AL E/ZcaPsUlAT/wZ 

paNge of Values, fpom isk tNpu 24 •. 9 * ohms /N steps of zoo ohms 
: TWO PES/STOPS MAY BE i/SEO TO GET VALUE NEEDED. PEP PAPT No. B/03/1 
/L P/0 TO BE SELECTED PEP ATP /000BBS AFTEP /N/T/AL ENCAPSULAT/oN 
PANgE of VALUES , FPOM /OK TNpU 24. 9* OHMS /N STEFS OF ZOO ONMS 
TWO PES/STOPS MAY SE NSED TO GET VALUE NEEDED. PEP PAPT No. / 0/03// 
/£. P/3 TO BE SELECTED PEP ATP 1000295 AFTEP SN/T/AL ENCAPSULATION 
RANGE OF VALUESi FPOM £K TNRU BK O/ZmS /N STEPS OF /00 ONMS 
TWO PES/STOPS MAY BE USED TO GEr VALUE NEEDED . PEP PAPT NO. /0J03// 
/X P/4 TO BE SELECTED PEP ATP IOOO&95 PP/OP TO eNCAPsUlAT/oU 
PANGE OF VALUES , FPOM / ONM TNpU Z0 ONMS /N STEPS OF /OHM 
TWO PES/STOPS MAY BE USED TO GET VALUE NEEDED. PEP PAPT NO. 10/0604 


SCUEMAT/C _ 

wiring assembly 


PES/STOP 
PES /STOP 
PESisrop 
CAPAC/TOP 

DIODE _ 

RESISTOR 

RESISTOR 

TRANSFORMER 

REACTOR _ 

REACTOR _ 

REACTOR ASSY 


1001533 
‘ 100/535 
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SA T 
SAT 
SAT 
140 UF 
UTR5& 
SAT 
SAT 


NOTE \Z f5 
NOTE II 1 4 
NOTES >3 


PRINTED-CIRCUIT ASS'Y 100t5 4 1 

CASE ASSY _ 1001537 

COVER ASSY _ 1001534 

PLATE-IDENTIFICATION 1001543 


LIST OF PARTS AND MATERIALS 

TEMPERATURE l _ 

CONTROL _ 

I AMPLIFIER 
ASSEMBLY 


INSTRUMENT ATION 
LABORATORY 


SPACECRAFT CENTER 
HOUtTON TPw 
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I, INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS - ' * 

PRESCRIBED BY MIL-D-70327, 

Z.R2 TO BE SELECTED PER ATP 4000BBS AFTER 
v _ /N/T/AL CNCAPSULAT/ON. RANGE OF VALUES , PROM r 

- 40.2K rNAU /2i NONMS lN STEPS OF / KONMS. TWO AES/STOPS MAT 

BE USED TO GET VALUE NEEDED 

PEA PAAT /to* f0/0694 , 

~ 3 IDENTIFY USING DRAW/NCit No. y RE\t/S/0N LETTER % SEA/AL AND . 

^MANUFACTURERS SYMBOL. PEA MIL-STD -fBO 

4. ENCAPSULATE W/rN EPOXY PEA A/D /0OBOS6, CURING CYCLE B - - ■ 

f . ASSEMBLY TO MEET ALL REQUIREMENTS OF ' PS /0002B5, 

o 6. SOLDERING OF ELECTRfCAL CONNECTIONS TO BE IN ACCORDANCE WITH 

MU--STD- 440 WITH SN60 WARP2 SOLDER PER 00-S-57I. ' ** _ , 

7. Kim/ttG resistance for AcceRrAtfcc resrn/a 

__ 1 CONTROL WINDING 1)5 QNMS CBS QNMS -~ -- 

TERMINAL 3 4 4- 

i. FINISH:VINYL WASH PER MIL-C-15328 AND IINC CHROMATE PRIMER PER MIL-P-8585A, 
PAINT BLACK SEMI-GLOSS ENAMEL TT-E-629 CLASS B COLOR 27038 PER FED-8TD-595. 


16. INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A.007 GRAY FIBER SHEET PER 
MIL-I-695A TYPE F WITH A MINIMUM DIELECTRIC STRENGTH OF 250 VOLTS PER MIL. 

IZ SOLDER COVER ASSEMBLY TO CASE PER MIL-S-6872A WITH SN50 WARP2 
SOLDER PER Q0-S-57I. 

1 R7 TO BE SELECTED PEA ATP fOOO&BS PA/OR TO eNcAPSULAT/ON. 

AAAtGE OF VALUES, FROM 15 R TNR/J 24.JK ONMS /N STEFS OF /00 QNMS 
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The purpose of this document la to establish the manufacturing and 
test requirements for procurement of Temperature Control Amplifiers 
for use in the Apollo Guidance and Navigation Equipment. 
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L scope : 

1-1 PURPOSE. This specification establishes the requirements for the 
procurement of the Temperature Control Amplifier hereafter called 
amplifier. 

S. APPLICABLE DOCUMENTS > , 

1-1 EFFECTIVE ISSUES. The following documents of the issue in effect 
on the date of invitations for bids form a part of this specification to the 
extent specified herein. - 

SPECIFICATIONS . 


Military 
> MIL-F-U6 


MIL-E-175S6 


Apollo G 4 If 
ND-1002023 


ND-1002059 


ND-1015404 


Preservation. Methods of 

Electronic end Electrical Equipment 
and Associated Repair Parte. 
Preparation fer Delivery of 


Procedure for Serialisation of Components. 
Assemblies, eta., for Apollo GefcMSioe 
and Navigation equipment ... ! 

Qualification Specification, Magnetic : \ 
Amplifiers 

General Specification, Configuration, 
Process and Quality Control Requirements 
for Suppliers ef High Reliability Articles 
for Use in Spacecraft and Supporting i 
Equipment ■ - . * 1 ^ 


ND-1002019 


Markings General Specification for 


ii 


1 
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3-2.4. 3 Marking. Marking shall be in accordance with MIL-STD-130 
am) Specification ND-1002018* amt m specified an the applicable drawing. 

, - . | *-♦ ->• -•**** ' -.f —’ ' ’ t y 1 t . %.<r# ; > ,. * V >«#> * - • 


3-2. 5 Serial Ifumbera Each amplifier identified by General Arrangement 
(or Assembly) Drawing shall be identified by a serial number assigned 
in accordance with Specification ND-1002023. 

3-2.6 Workmanship. The fabrication and finish of the amplifier, its 
assemblies, subassemblies, and parts shall be such as to produce a unit 
free from any defect that would affect proper functioning in service. 

3-2. 7 Warranty . A warranty shall provide for the supplier to remedy by 
correction or replacement any component or end item found to be defective 
in material or workmanship not later than six (•) months after acceptance. 
The allowability of the cost of any such correction or replacement shall 
be determined as provided in the clauses of the appropriate contract entitled 
"Allowable Cost, Fixed Fee and Payment, " and "Inspection and Correction 
of Defects." 

3-2.8 Service Life. 

3-2.8.1 Operating Life. The amplifier design is intended to meet perform¬ 
ance specifications for at least 20,000 hours of operation, excluding the 
supplier’s test time of the complete unit. 

3-2. 8.2 Shelf Life. The amplifier design is intended to have a shelf life 
of at least 5 years, without operation, at ambient room temperature 
after final acceptance at the supplier's plant, 

3-3 PERFORMANCE AND PRODUCT CHARACTERISTICS. The following 
requirements are stated to inform the supplier of specific characteristics 
and of the goals that were considered in the design. Inclusion of this 
information shall not be construed by the supplier as authorization to 
modify the design. 

If the design of any part is not completely specified by the contractual 
documents, the supplier may submit a suggested design document for 
approval which will support these requirements. 

If, in the opinion of the supplier, any design or testing shall impose 
undue time delay or expense, he shall so state, in detail, in a counter¬ 
proposal, substantiating all contributing factors when submitting a bid, 
proposal, or change request in connection with this specification. 

Requests for changes to or deviations from this specification or 
applicable drawings, specifications, publications, materials, or processes 
specified herein shall be accompanied by written justification. 
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The purpose of this document is to establish the manufacturing and 
test requirements for procurement of Temperature Control Amplifiers 
for use in the Apollo Guidance and Navigation Equipment. 
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PROCUREMENT SPECIFICATION 
FOR 

TEMPERATURE CONTROL AMPLIFIER 


U SCOPE 

1-1 PURPOSE. Thie specification establishes the requirements for the 
procurement of the Temperature Control Amplifier hereafter called 
amplifier. 

S. APPLICABLE DOCUMENTS 


3-1 EFFECTIVE ISSUES. The following documents of the issue in effect 
on the date of invitations for bids form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


Military 
MIL-P-118 
MIL-E-17555 

Apollo GAN 
ND-1002023 

ND-1002059 

ND-1015404 


Preservation. Methods of 

Electronic and Electrical Equipment 
and Associated Repair Parts. 
Preparation for Delivery of 


Procedure for Serialisation of Components, 
Assemblies, etc., for Apollo Guidance 
and Navigation equipment 

Qualification Specification, Magnetic 
Amplifiers 

General Specification, Configuration, 
Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment 


ND-1002019 Marking, General Specification for 
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STANDARDS 

Federal 

FED-STD-595 
Military 

MIL-STD-130 

MIL-STD-20 2 

MIL-STD-810 

DRAWINGS 

Apollo GAN 
1000285 
1001529 

1001630 

1001531 

1001532 


Colora 


Identification Marking of U. S. 
Military Property 

Test Methods for Electronic and 
Electrical Component Parts 

Environmental Test Methods for 
Aerospace and Ground Equipment 


Temperature Control Amplifier 

Core A Coil Assembly (Reactor 1st Stage, 
Matched Pair) 

Core A Coil Assembly (Reactor 3rd Stage) 
Core A Coil Assembly (Reactor 2nd Stage) 
Core A Coil Assembly (Tra informer. Power) 


(Copies a f specifications, standards, drawings, and publications required by 
suppliers in connection with specific procurement functions should be obtained 
from the purchaser or as directed by the contracting officer.) 

2- 2 CONFLICTING REQUIREMENTS. In the event of conflict between the 
requirements of this specification and other specifications and drawings cited 
herein, resolution must be obtained from the MIT Apollo Management Office 
via the purchaser. 

3. REQUIREMENTS. 

The requirements of this specification are classfied under two headings: 

General Requirements which are defined in paragraph 3-2 and 
Performance and Product Characteristics whicn are defined in 
paragraph 3-3. 

3- 1 DESCRIPTION. The unit shall be a magnetic amplifier designed to 
provide accurate proportional control of the power to the IMU heatera, for 
precise and stable temperature control of the IMU. It shall provide stable 
operation when used in conjunction with the temperature control system and 
in closed loop operation with the controlled member. The output shall be 
used to drive s 2N1724 silicon power transistor in the switching mode of 
operation, utilizing pulse width modulation to minimize power dissipation 
in the transistor. 
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3-2 GENERAL REQUIREMENTS. 

5*2.1 Qualification Teat . When specified by the purchaser, a represent** 
a t* ve sample of the amplifiers shall be manufactured using the methods 
and procedures proposed for the production lot. These shall be submitted 
to the NASA Inspector for qualification test at an activity designated in the 
contract or by the purchaser. 

These qualification tests are conducted to determine whether or not 
the amplifiers are being produced in compliance with the requirements 
of the contract, specification, and drawings. Failure of the amplifiers to 
meet these requirements may result in disqualification of the supplier as 
determined by NASA or the purchaser. 

Further production of the item by the supplier prior to approval of 
the purchaser or the completion of the qualification tests shall be at the 
supplier's risk. Requalification will be required at the discretion of NASA 
or the purchaser in the event that: (a) the supplier has modified the item. 

(b) the supplier has instituted a change in the material used or in his pro¬ 
cessing. or (e) the specification requirements for the item have been 
amended or revised sufficiently to affect the character of the item. 

The qualification tests will be conducted in accordance with the 
procedures specified in section 4 of this specification. 

5-2. 2 Requalification Test. When specified by the purchaser, the supplier 
shall submit one or more amplifiers to be selected from each production 
lot by the purchaser for submission to a designated testing activity to 
determine compliance of the sample (s) with the requirements of the contract, 
specification, and drawings. 

5-2. 3 Materials and Construction . The materials used in fabricating the 
amplifiers ahall be in strict accordance with the applicable drawings and 
specifications referenced herein. Substitute materials shall be selected 
of such quality as to ensure that the equipment will meet the requirements 
of this specification and shall be subject to prior approval of the purchaser. 

5*2.4 Weight, Dimensions. Finish, and Marking. The weight, dimensions, 
finish, and marking of the amplifier shall comply with the requirements 
specified herein or on the applicable drawings. 

5*2.4.1 Weight. Weight of the amplifier shall not exceed 3. 2 ounces. 

5"*- 2 Finish. Finish shall be as specified en the applicable drawing. 
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3-2. 4. 3 Marking . Marking shall be in accordance with MIL-STD-130 
and Specification ND-1002018. and as specified an the applicable drawing. 


3-2. 5 Serial Numbers Each amplifier identified by General Arrangement 
(or Assembly) Drawing shall be identified by a serial number assigned 
in accordance with Specification ND-1002023. 

3-2. 8 Workmanship. The fabrication and fin sh of the amplifier, its 
assemblies, subassemblies, and parts shall oe such as to produce a unit 
free from any defect that would affect proper functioning in service. 

3“2. 7 Warranty . A warranty shall provide 'or the supplier to remedy by 
correction or replacement any component or end item found to be defective 
in material or workmanship not later than six (•) months afte** acceptance. 
The allowability of the cost of any such correction or replacement shall 
be determined as provided in the clauses of the appropriate contract entitled 
"Allowable Cost, Fixed Fee and Payment, " and "Inspection and Correction 
of Defects. " 

3-2.8 Service Life. 

3-2. 8.1 Operating Life. The amplifier design is intended to meet perform¬ 
ance specifications for at least 20,000 hours of operation, excluding the 
supplier's test time of the complete unit. 

3-2. 8 . 2 Shelf Life. The amplifier design is intended to have a shelf life 
of at least 5 years, without operation, at ambient room temperature 
after final acceptance at the supplier's plant. 

3-3 PERFORMANCE AND PRODUCT CHARACTERISTICS. The following 
requirements are stated to inform the supplier of specific characteristics 
and of the goals that were considered in the design. Inclusion of this 
information shall not be construed by the supplier as authorization to 
modify the design. 

If the design of any part is not completely specified by the contractual 
documents, the supplier may submit a suggested design document for 
approval which will support these requirements. 

If, in the opinion of the supplier, any design or testing shall impose 
undue time delay or expense, he shall so state, in detail, in a counter¬ 
proposal, substantiating all contributing factors when submitting a hid, 
proposal, or change request in connection with this specification. 

Requests for changes to or deviations from this specification or 
applicable drawings, specifications, publications, materials, or processes 
specified herein shall be accompanied by written justification. 


4 



APOLLO GAN Specification 
PS-100C285-F 
46 Dec. lU g fr - 
9 June 1964 


3-3.1 Functional Requirement!. 


« • i | Winding Resistances. DC resistance of the windings shall be as 
specifiei TinApo l lo U 1 - T Drh.ing 1000285. 1001529. 1001530. 1001531. and 
1001532. 

3-312 Dielectric Strength. The amplifier shall exhibit no evidence of 
breakdowfTwHen'subjected To a 500V rms voltage. 

3-3.1. 3 Insulation Resistance. The insulation resistance of the amplifier 
shall be 10 megohms minimum. 

S-S. 1. 4 Performance. Performance of the amplifier when used 1 " conjunction 
with Apoll o 0 AN ~~Firt Number 1010273 (2N1724 transistor) diall be as follows. 

3-3 1. 4.1 Power Input. The amplifier shall operate with 75 ma t 

current from a 20 ±2 V rma, 3200 ±32 cps source having the waveform character!# 

tics specified in 4-2. 2. 

3-3 1 4. 2 Gain. The amplifier shall have a minimum steady state gain trf 
46 watts/M snip'over the control rangelfrom 5 percent to 90 percent) of the 
maximum power dissipated by a 15.5 ohm resistive load. 

3-3.1. 4. 3 Transient Response. When the input is adjusted for a stable < 5 
minimum) output power level equal to 5 percent of po^r 

when the input is then increased by a step input of 0.7^ p amperes, the po 
dissipated in the load shall be as specified below: 

From t « 0 to t » 0.5 sec, the load dissipation shall increase within Ihm limits 
defined by twe curves whose equations are as fellows (where P is 
dissipation in watte and V' is the time lapse m seconds after the step input 
is applied): 

a) P * 22 + 6.38 t 

b) P » 2.09 + 15.5 t 

After a 0. 5 seoond interval has elapsed, the load.dlsslpation shall be' • • 

16.0 ± €.0 watts. Thereafter, the load dissipation shall increase within the 
limits defined by two curves whose equations are as follows: 

a) 22 40.3ft 

b) P* 10 4 0.22 t , * . 

The load dissipation shall reach a maximum of at least 4L5 

to continuous saturation of the 2N1724 transistor) between 61 and 140 seconds after 
the step input is applied. 

Transient response shall be as specified after reaching ^ermal sUbility 
with an ambient temperature of 25 5 ±5 6 C and again after reaching tnern ai 
stability with an ambient temperature of 65° ±5°C. When the ambient terope a 
ture is returned to 25° ±5°C and after thermal stabilization occurs, the amplifier 
shall again operate as specified* 
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Transient response shall be as specified (with an ambient temperature 
of 25° ±5°C) after being subjected (non*operating) to the following vibration: 

5 g's (0 to peak), 5 cps to 2,000 cps to 5 cps at 1 minute per octave logrithmic 
sweep once along each of the 3 orthogonal axes, 0.12 inch double amplitude 
maximum. 

Transient response shall be as specified (with an ambient temperature 
of 25° ±5°C) after being subjected (non-operating) to a 50-g shock test in 
accordance with MIL-STD-810, method 513, procedure V. 

3-3.1. 4. 4 Transistor Base Current. When the input current is adjusted for 
maximum power output, the current supplied to the base of the 2N1724 transis¬ 
tor shall be at least 100 ma dc. 

3-3.1. 4. 5 Low Temperature Output. When an input of 1.60 ma is flowing through 
the amplifier from terminal 3 to terminal 4, the power delivered to the load 
shall be at least 48 watts. 

3-3.1. 4. 6 Null Offset. The amplifier shall have an input of 0.00 ±0. 43 u amp 
for 3 watts of load power dissipation. 

3-3. 2 Environmental Retirements. The amplifier shall be capable of meeting 
the requirements of Specification ND-1002059. When a particular requirement 
in Specification ND-1002059 includes amplifier operation while being subjected 
to an environment, this shall be construed to mean that the 20 V rms, 32C0 cps 
input shall not exceed 75 ma under standard operating conditions as defined in 
6-1. L 

3-3. 3 Design Requirements. 

3 3.1 Interchangeability. Unless otherwise specified, the amplifier and its 
component parts shall be physically and functionally interchangeable without 
selection or fitting. 

3-3. 3. 2 Reliability . The amplifier shall be capable of operating a minimum 
of 20,000 consecutive hours without maintenance under any combination of 
conditions specified herein and shall have a maximum failure rate of 0.5 failures 
per 1,000, 000 hours. 

3-3. 3. 3 Radio Interference Suppression. The suppression of radio noise and 
interference shall be considered in the design of the amplifier. 

3-3. 3. 4 Fl ammable Materials. Materials which may be ignited or cause an 
explosion - sliall not be used for construction applications where sparking or 
arcing could cause ignition. Materials which may inadvertently support com¬ 
bustion shall not be used. Flammable impregnating, potting or embedding 
compounds, when enclosed in fire-resistance containers, shall be acceptable. 

3-3. 3. 5 Toxic^ Materials. Materials which produce harmful toxic effects 
during service - usage shall not be used. Where a suitable nontoxic material 
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is not available, preventive measures shall be provided, subject to the 
approval of NASA. Materials which when ignited, produce toxic substances 
or vapors shall be avoided whenever practicable. 

3-3. 3. 6 Unstable Materials, Materials which are unstable or become 
unstable to the extent that they emit or deposit corrosive substances capable 
of causing corrosion or producing electrical leakage paths within an 
assembly under possible operating and storage conditions shall not be 
used during manufacture or recommended for use during maintenance. 

3-3. 3. 7 Corrosion, Moisture, and Fungus-Resistant Materials . Materials 
shall be selected for noncorrosive and nonhygroscopic characteristics 
and ability to resist the effects of corrosion, moisture and fungus. 
Preference shall be given to materials with inherent fungus resistance 
rather than reliance upon the application of surface fungistatic or fungicidal 
treatments. 

3-3. 3. 8 Dissimilar Metals. The use of dissimilar metals shall be 
avoided whenever practicable. Magnesium shall not be used except with 
prior approval of the purchaser or when so called for on the applicable 
Apollo GIN drawings. 


t 



APOLLO GAN Specification 

PS-1000285-B 

28 Sept. 1963 


4. QUALITY ASSURANCE PROVISIONS 

4-1 GENERAL. Unless otherwise specified herein, the supplier is 
responsible for the performance oi all inspection requirements prior 
to submission for NASA inspection and acceptance. Except as otherwise 
specified, the supplier may utilize his own facilities or any commercial 
laboratory acceptable to NASA. Inspection records of the examinations 
and tests shall be kept complete and available to NASA as specified in the 
contract or order. The supplier shall conform to Class 1 of Specifica¬ 
tion ND 1015404. 

4-L1 Acceptance Tests. These tests shall be accomplished on each 
amplifier being submitted for acceptance under the contract. Acceptance 
test data on each unit accepted must accompany shipment to the purchaser. 
Acceptance tests shall be witnessed by the cognisant government inspector, 
a representative of the purchaser, or as the purchaser may direct in the 
procurement order. These tests are detailed in paragraph 4-2. Failure 
of the amplifier to comply with these requirements shall result in rejection 
of the item or lot of items. 

4-L 2 Qualification and Requaliflcation Tests. Qualification and requali- 
fication tests shall be accomplished at a NASA designated activity. These 
tests, as outlined in paragraph 4-3, shall be conducted after the award of 
the contract to determine that the production will meet all requirements of 
this specification. Acceptance shall be based on no defects in the amplifier. 

Failure of the amplifier to comply with these requirements shall 
result in the rejection of the lot or the cessation of production, as 
determined by the procuring activity. 

4-2 ACCEPTANCE TESTS. 

4-2.1 Test Conditions. Unless otherwise specified herein, the amplifier 
■hall be subjected to tests under the following ambient conditions: 

Temperature 25 * 10<>C 

Relative Humidity Not more than 90% 

Barometric Pressure 28 to 31 in. Hg 

4-2. 2 Test Power. The following electrical inputs, as measured at the 
input of the unit under test, are necessary for testing this item: 

(a) 20 * 2V rms, 3200 * 32 cps, square wave, center tapped, 

1.0 va maximum power. The square wave shall have a 
rise time of 20 seconds maximum and a balanced duty 
cycle within 5.0 percent. 

(b) 18. 72 * 0. 20 vdc, 12 ma 

(c) 28.00 * 0. 28 vdc, 2 amp 
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4-2. 3 Visual and Mechanical Inspection. A comprehensive inspection shall 
be made of the amplifier to determine the extent of compliance with the re¬ 
quirement of this specification and the applicable Apollo GAN drawing speci¬ 
fied in Section 2 and shall at least include determination on the following: 

a) Size, Afcmension, tolerance, weight, appearance. and markings. 

b) Adequacy of materials, parts, and subassemblies; compliance with 
specific ratings, and conformance to applicable specifications. 

c) Finish, coatings, construction, markings, and nameplates, as applicable. 

d) Wiring, cabling, welding, soldering, color coding, and terminals, as 
applicable. 

e) Workmanship and cleanup. 

4-2. 4 Winding Resistances. DC resistance of the windings shall be tested 
using method 303 of MIL-STD-202 and shall be as specified on Apollo GAN 
Drawing 1000285, 1001520, 1001530, 1001531, and 1001532. 

4-2. 5 Dielectric Strength. Dielectric strength shall be checked by apply¬ 
ing a 500 V rms, 60 cps v c>Tt age between each terminal and the case and a 
200 V rms, GO cps (100 K source impedance) voltage between terminals 1 and 
3, between terminals 1 and 5, and between terminals 3 and 5. The leakage 
current shall not exceed 1.0 ma. This test shall be conducted in accordance 
with method 301 of MIL-STD-20 2. 

4-2. 8 Insulation Resistance. Insulation resistance shall be checked by apply¬ 
ing a 250 vdc voltage (current limited to 6 p amp) between each terminal and 
the case and between terminals 1 and 3, between terminals 1 and 5. and between 
terminals 3 and 5. The minimum acceptable resistance shall be 10 megohms. 
This test shall be conducted in accordance with method 302 of MIL-STD-202. 

4-2. t Performance. Performance of the amplifier shall be checked as 
follows* The test setup for these tests shall be as specified in Figure 1. 

Unless otherwise specified, switches SI, S2 and S3 shall be in the open 
position. 


4-2. 7.1 Power Input. The input current from the 20 V, 3200 cps source shall 
be monitored" at meter Ml during all of the Performance tests. It shall not 
exceed 75 ma under any conditions. 
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20 *?V rms 



Rl, R2, R3 * 1^60 ohms each, 0.0W 

R4 s C-40 ohm decade resistance (Rubicon model 1015 or equlv.) 

R5 = 1540 ohms, 0.01< 

R6 a 0*44 ohm, li 
R7 s 2.°K, c t, iW 
R8 a 15.5 ohms, 3< # 75W 

Ml a 0-100 aa thermocouple milllammeter (Weston model 622 or equlv.) 

M2 a 0-30 vdc thermocouple voltmeter, 0.5* accuracy (or equivalent true ras meter) 

M3 = 0-150 ma clamp-on dc mllllammeter, 3^ accuracy 
M4 a Recording oscillograph (C.B.C. type 5-124 or equlv.j 150 cps 
- galvanometer frequency response) • 

M5 a DO ilcrc-voltneter (H.P. 4?5A with floated Input, or *qulv, ), See Note-2. 
Q1 a 2S1724 transistor meeting requirements of Apollo Dmwtng 1010273. 

KOTESi 1) Oscillograph (M4) shall be calIterated-to read the average 
voltage of a 6400 cp6 pulse width modulated 28 vdc waveform. 

2) This meter application Is highly critical and any equivalent 
meter shall be carefully evaluated. 


Figure 1. Test Setup 
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4-2. 7. 2 Gain .. Adjust variable resistor R4 to a value which gives a load 
voltage (as indicated at meter M2) of 23 ^1V rms (24 watts). Readjust R4 to a 
value which gives a load voltage of 6.8 *0.3V rms (2 watts), as.indicated on M2. 
The two values of R4 obtained shall be within 0.44 ohm of each other and both 
values shall be between 17.0. and 23.. 0 ohms. NOTE! The output reading, at M2, 
should be taken after it becomes stable (2 minutes minimum),. 

4-2. 7. 3 Transient Response . Close switch S2 and adjust R4 for a stable 
(5 minutes minimum) voltage reading of 1.30 vdc as indicated cm the oscillo¬ 
graph (M4). Apply a step input by closing switch S3. The load voltage, as 
measured on M4, shall be as specified in Figure 2 and shall steadily increase 
until it reaches its maximum. M4 shall be calibrated in volts average. 


This test shall be performed five times; once after the amplifier reaches 
thermal stability under each of the following conditions, in the sequence indi¬ 
cated: 


a) An ambient temperature of 25° ±5°C. 

b) An ambient temperature of 65° ±5°C. 

c) An ambient temperature of 25° ±5°C. 

d) An ambient temperature of 25° *5°Q: and after being subjected 

(non-operating) to a vibration test as follows: 5 g's (0 to peak), 
5 cps to 2,000 cps to 5 cps at 1 minute per octave logarithmic 
sweep along each of the 3 orthogonal axes, 0.12 inch double 
amplitude amximum. 

e) An ambient temperature of 25° ±5°C; and after being aibjected 

(non-operating) to a shock test as follows: method 516 of 
MIL-STD-810, procedure V, except that a 50-g shock shall be 
used. 
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DEPINIHG BQUATIONS 


t=tlme In seconds after 

Time 

Touation 1 

step input applied 

•300 to 0 sec 


Pspower dlssloated In 
load (watts) 



0 to 0*5 see 

P max* 22 4 °* 56t 

* This ralue shall be 
set after determining 
the saturation ralue 


P mln= 2 * 05 ♦ 

0.5 seo to sat. 

P .ax* 22 4 °* 56t 

and shall be between 

2.05V and 2 . 62 V. 

** 41.5V minimum 

0.5 to 140 sec 


140 to 300 sec 



Figure 2. Transient Response 
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4-2. T. 4 Transistor Base Current. 
(M2), The transistor base current. 

at least 100 ma dc. 


Adjust R4 for maximum load voltage 
as indicated at meter M3, shall be 


f:?- 7 '* V w> J e mper »ture Outmit. Adjurt R4 to 20 ohm* and move .witch 
SI to the closed position. The load voltage (M2) shall be at least 26V rma» 

® Null Offset. Adjust R4 for a null of the bridge output aa indicated 
by a minimum voltage soil50essthaniD ft volts). Note the value of R4. Readjust R4 for 
output of 6.8V rms as indicated on M2. Again note the value of R4. The 
two values of R4 shall not differ by more than 0.25 ohm. 

4-3 Qualification and Reo uallfication. Qualification and requalification 
tests shall be performed in accordance with Specification ND-1002059. 

When amplifier operation is included as a condition in a test in Speci¬ 
fication ND-1002059. the amplifier shall be operated under standard 
operating conditions (see 6-L1). The input (terminals 1 and 2) shall be 
monitored during operation under standard operating conditions and shall 
not exceed T9 ma at any time. 


4 “ 4 Rell * Mli *y» The reliability requirements contained in Section 3 of 
this specification are design objectives. Unless specifically called for 
in the procurement contract, it shall not be necessary for the supplier 
to deinonstrate his compliance with the requirement. The supplier will 
furnish the purchaser or NASA such data as he may have available for 
establishing the current reliability of thes units. Additional data shall 
be accumulated to as great a degree as possible from the tests specified 
herein or any other tests the supplier may conduct which will tend to 
support or verify attainment of the reliability objectives specified. 


19 



APOLLO GAN Specification 

PS-100028£-C 

I f Sop ti 10 8 » ■ 

10 Dec. 1933 


ft. PREPARATION FOR DELIVERY 

5-1 PRESERVATION AND PACKAGING. The amplifier ehall be preserved 
and packaged in accordance with Specification MIL-E-17555, level B, as 
specified in the contract or purchase order. 

5-L1 Level B (Limited Military Packaging). Level B packaging is that 
which will afford adequate protection against damage during multiple 
domestic shipment, handling, and covered storage. 

5-1.1.1 Cleaning. Cleaning for Level B preservation and packaging shall 
be in accordance with method C-l of Specification MIL-B-116. 

5-L 1.1 Unit Protection. The amplifier shall be individually afforded 
unit protection in accordance with method III of Specification MIL-P-116. 

In addition, equipment packaged for level B protection shall be sealed 
against water and dust means of suitable wrapping. 

5-2 REPAIR PARTS. Rppair parts shall have preservation and packaging 
per the applicable repaiB parts list and its packaging supplement. 

5-3 PACKING. The eauipment shall be packed in accordance with 
Specification MIL-E-17»ftft, level B« 

5-4 MARKING. In addition to any special marking required by the 
contract or order, the marking of unit, interior packages, and exterior 
shipping containers shall be in accordance with level B of Specification 
MIL-E-17555. 

6. NOTES 

8-1 DEFINITIONS. 

8-1.1 Standard Operating Conditions. For the purposes specified in 3 - 3 . 2 
and 4-3, standard operating conditions shall be defined as follows: The 
amplifier shall be connected to the test equipment and inputs as specified 
in Figure 1 with resistor R4 set at 5 ohms and switches SI, S2 and S3 in 
the open position. 
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Notice: When NASA drawings, specifications, or other data 

are used for any purpose other than in connection 
with a definitely related NASA procurement operation, 
• NASA thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that NASA may 
have formulated, furnished, or in any way supplied 
the said drawings, specification, or other data 
is not to be regarded by implication or otherwise 
as in any manner licensing the holder or any other 
person or corporation, or conveying any rights or 
permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 
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PROCUREMENT SPECIFICATION 
FOR 

temperature control amplifier 


1. scope 

1 l PURPOSE. This specification establishes the requirements for the procurement 
of the Temperature Control Amplifier hereafter called amplifier. 

i 2 CLASSIFICATION. The requirements for the equipment covered by this specification 
shall ^ rsifledTfollmvs. Unless identified by the respective type, all requirements of 
this specification are applicable to all types. 

a Tvpel: The requirements for Part Numbers 1000285-000 shall be designated as 
Type i in this specification and identified as PS100028»-000. 
b. Type II: The requirements for Part Number 1000285-011 shall be designated a. 
Type H in this specification and identified as PS1000285-011. 

2. APPLICABLE DOCUMENTS 

2 1 EFFECTIVE ISSUES. The following documents of the issue m effect 
of invitatiwus for bids form a par, of this specification to the extent specified herein. 


SPECIFICATIONS 


Military 

MIL-P-H6 

MIL-E-17555 


Preservation, Methods of 

Electronic and Electrical Equipment and Associated 
Repair Parts, Preparation for Delivery of 


APOLLO G&N 
ND-1002023 

ND-1002059 
ND-1015404 


ND-1002019 


Procedure for Serialization of Components, Assemblies, 
etc., for APOLLO Guidance and Navigation Equipment 

Qualification Specification, Magnetic Amplifiers 

General Specification, Configuration, Process and 
Quality Control Requirements for Suppliers of High 
Reliability Articles for Use in Spacecraft and 
Supporting Equipment 
Marking, General Specification for 
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3-3.1 Functio nal Requirements. 

wrwrts* - 

1001532. 

3.3 I 2 Dielectric Strength. The amplifier snail exhibit no evidence of 
r.reakdo'.vrrwHen'suDjeccedTb a 500V rms voltage. 

t-3.1. 3 Insolation Res istance . The insulation resistance of the amplifier 
shall be 10 "megohms minimum. 

source (type H having the waveform characteristics specified in 4 2.2. 

3-3 14 2 Gain. The amplifier shall have a minimum steady state/gain of 
46 watts /m amp”over the control rangeUrom 5 percen* to 90 percent) of the 
maximum power dissipated by a 15.5 ohm resistive load. 

3 3 14 3 Transient Response. When the input is adjusted for a stable (E minutes 

ttiis S3-?S5FH.-5Tx. r .«»-“•-ssirs vss 

when the input is then increased by a step input of 0.7o p amp , t 
dissipated in the load shall be as specified below: 

From t * 0 to t * 0.5 sec, the load dissipation shall increase with:\ l ^Id * ” 

defined by two curves whose equations are as follows (where 
dissipation in watts and V is the time lapse in seconds after the step inp 
is applied): 

a) P * 22 + 0.36 t 

b) P * 2.05 + 15.9 t 

After a 0. b second interval has elapsed, t*e lo^.f 1 •dissipation anall be . • 

1G.0 -r f .0 watts. Thereafter, the load dissipation shall increase within , 
limits defined by two curves whose equations are as follows: 

a) F * 22 + 0.361 

b) P * 10 4- 0.22 t , . . . 

The load dissipation shall reach a maximum of at least 41 5 

to continuous saturation of the 2N1724 transistor) between 6 . and 140 seconds aft 
the step input is applied. 

Transient response shall be as specified after reaching thermal stability 
with an ambient temperature of 25 ±5 C and again a ^" n r ®® E C ^"| i p* l ‘'"e mpera - 

ture 1 is "returned toZ^l^cVnTJter thermal stabilization occurs, the amplifier 
shall again operate as specified. 
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Transient response shall be as specified (with an ambient temperature 
of 25° ± 5 °C) after being subjected (non-operating) to the following yibratio . 

5 . 1 , (0 to peak), 5cps to 2,000 cps to 5 cps at 1 minute per octave logrithmic 
sweep once along each of the 3 orthogonal axes, 0.12 inch doable amplitude 
maximum. 

Transient response shall be as specified (with an aml ient temperature 
of 25° ±5° C) after being subjected (non-ope.-atirg) to a oO-g shock test m 
accordance with MIL-STD-810. method 513, procedure V. 

3-3 14 4 Transistor Base Current. When the input current is adjusted for 
maximum P bive?ourput7 fh^-cuF7-ent supplied to the base of the 2Ni724 transts- 
tor shall be at least 100 ma dc. 

3-3 1 4. 5 Low Temperature Output. When an input of 1.00 ma is flowing through 
the amplifieFTrorn Terminal Tto lerrr.inal 4. the power delivered to the load 
shall be at least 48 watts. 

3-3.1. 4. 6 Null Offset. The amplifier shall have an input of 0.00 ±0. 42 ji nmp 
for 3 watts of loacTpbwer dissipation. 

3-3 2 Environmental Requirements. The amplifier shall be capable of meeting 
the require me nTs'cTBpecifi cat I on~NI> -100 2059. When a particular requirement 
in Specification ND-1002059 includes amplifier operation while being subjected 
to an environment, this shall be construed to mean that the 20 V rms (Type I), or 
21V rmi (Type II), 3200 cps Input shall not exceed 75 ma under standard operating conditions 
as defined in 6-1.1. 

3-3. 3 Des ign Requirement s. 

3 3 1 Interchangeability. Unless otherwise specified, the amplifier and its^ 
compo nent part/ sKsOrte physically and functionally interchangeable without, 
selection or fitting. 

3-3 3 2 Reliability. The amplifier shall be capable of operating a minimum 
of 20,000 conl^Uitve hours without maintenance under any combination of 
conditions specified herein and shall have a maximum failure rate of 0.5 failures 
per 1 , 000 , 000 hours. 


3-3. 3. 3 Radio Inte rference Suppression. 
interference shairBe considered in the d€ 


The suppression of radio noise and 
ign of the ampliiier. 


3-3 3.4 Flammable Materials. Materials which may be ignited or cause an 
explosion shall not be used for - construction applications where sparking or 
arcing could cause ignition. Materials which may inadvertently su PP°rt com¬ 
bustion shall not be used. Flammable impregnating, potting or ^ 

compounds, when enclosed in fire-resistance containers, shall -.e acceptable. 

3-3 3 5 Toxic Materials. Materials which produce harmful toxic effects 

during sefVicif visage - shall not be used. Where a suitable nontoxic material 
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4. QUALITY ASSURANCE PROVISIONS 

4-1 GENERAL. Unless otherwise specified herein, the supplier is 
responsible for the performance of all inspection requirements prior 
to submission for NASA inspection and acceptance. Except as otherwise 
specified, the supplier may utilize his own facilities or any commercial 
laboratory acceptable to NASA. Inspection records of the examinations 
and tests shall be kept complete and available to NASA as specified in the 
contract or order. The supplier shall conform to Class 1 of Specifica¬ 
tion ND 1015404. 

4-1 1 Acceptance Tests. These tests shall be accomplished on each 
amplifier being submitted for acceptance under the contract. Acceptance 
test data on each unit accepted must accompany shipment to the purchaser. 
Acceptance tests shall be witnessed by the cognizant government inspector, 
a representative of the purchaser, or as the purchaser rnay direct m the 
procurement order. These tests are detailed in paragraph 4-2. Failure 
of the amplifier to comply with these requirements shall result in rejection 
of the item or lot of items. 

4-1. 2 Quali fication and Requalification Tests. Qualification and requali- 
ficationtests shall be accomplished at a &ASA designated activity. These 
tests, as outlined in paragraph 4-3, shall be conducted after the award of 
the contract to determine that the production will meet all requirements of 
this specification. Acceptance snail be based on no defects in the amplifier. 

Failure of the amplifier to comply with these requirements shall 
result in the rejection i the lot or the cessation of production, as 
determined by the procuring activity. 

4-2 ACCEPTANCE TESTS. 

4-2.1 Test Conditions. Unless otherwise specified herein, the amplifier 
shall be subjected to tests under the following ambient conditions: 

Temperature 25 * 10°C 

Relative Humidity Not more than 90% 

Barometric Pressure 28 to 31 in. Hg 

4-2. 2 Test Power. The following electrical inputs, as measured at the 
input of the unit under test, are necessary for testing this item: 

(a) 20 ± 2V rms, .(Type II or 20+4, -2V rms (Type II) 3200 ± 32 cps, 
square wave, center tapped, 1.0 va maximum power. The square wave 
shall have a rise time of 20 p seconds maximum and a balanced duty 
cycle within 5.0 percent. 

(b) 18. 72 * 0. 20 vdc, 12 ma 

(c) 28. 00 * 0. 28 vdc, 2 amp 


8 








APOT.LO j $ N T necl ficatl 

-j 


4-2 3 Visual and Mechanical Inspection. A comprehensive inspectipn shall 
be made of the amplifier to determine the extent of compliance *ith the re 
quirement of this specification and the applicable Apollo G IN drawing speci¬ 
fied in Section 2 and shall at least include determination on the following: 

a) Size, dimension, tolerance, weight, appearance, and markings. 

b) Adequacy of materials, parts, and subassemblies: compliance with 
specific ratings, and conformance to applicable specification . 

c) Finish, coatings, construction, markings, and nameplates, as applicable. 

d) Wiring, cabling, welding, soldering, color coding, and terminals, as 
applicable. 

e) Workmanship and cleanup. 

4-2 4 Winding Resistances. DC resistance of the windings be tested 

using meth od 30 1 1 of M l l^ST D-202 and shall be as specified on Apollo G fc N 
Drawing 1000285, 1001529, 1001530, 1001531, and 1001o32. 

4-2 5 Dielectric Stremth. Dielectric strength shall be checked by applv- 
ing a S OO V rms ^BO cps vbTtage between each terminal and the case and a 
200 V rms, 30 cps (100 K source impedance) voUagebetweenteririmas an 
3 between terminals 1 and 5, and between terminals 3 and 5 The leakage 
current shall not exceed 1.0 ma. This test shall be conducted in accordance 
with method 301 of MIL-STD-202. 

4-2 6 Insulation Resistance. Insulation resistance shall be che cked by apply - 
ini?’a 2 r 0 vdc volt ageTcurrent limited to 5 ^ amp) between eacl \ t ® rmi ^ ® n< L 
£* case and between terminals 1 and 3, between terminals 1 and 5 and between 
terminals 3 and 5. The minimum acceptable .resistaMe shall ^ • 

This test shall be conducted in accordance with method 302 of MIL bTD 4U4. 

4-2 7 Performance. Performance of the amplifier shall be checked as 
follows- The tesFsetup for these tests shall be as specified in Figure 1. 

LnleL otherwise specified, switches SI, S2 and S3 shall be in the open 
position. 

4-271 Power Input. The inout current from the 20 V rms (Type I) or 21V rms (Type II) 
3200 cps source shall be monitored at meter Ml during all the Performance tests. It shall 
not exceed 75 ma under any conditions.- 
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20±2V rms, Type I • 
or 20+4, -2V tits Type II 
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TEMPERATURE CONTROL AMPLIFIER (PA36A-1) 


= i, 

\i 


The purpose of this document is to establish the manufacturing 
and test requirements for procurement. The Temperature Control 
Amplfier (PA36A-1) is Intended for use in the Apollo Guidance 
and Navigation Equipment program* 
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1. SCOPE 

1.1 This specification establishes the requirements for the procurement 

of the Temperature Control Amplifier (PA36A-1), hereinafter called the 
amplifier. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation 
for bids form a part of this specification to the extent specified herein. 

SPECIFICATIONS 
Military 

MIL-T-27 
MIL-P-116 
MIL-I-16 910 

MIL-P-17555 


Transformers and Inductors 

Preservation, Methods of 

Interference Measurement, Radio, 
Methods and Limits, 14 Kilocycles to 
1000 Megacycles 

Electronic and Electrical Equipment 
and Associated Repair Parts, Prepara¬ 
tion for Delivery of 



iasa/mso approval 


Apollo G & N 


General Specification, Configuration, 


ND-1015404 General Specification, Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment 
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SATURABLE REACTOR 
HEATER CURRENT AMPLIFIER (MA20A-1) 


The purpose of this document is to establish the manufacturing 
and test requirements for procurement. The Heater Current Am^ifier 


Equipment program. 




SCOPE 

This specification establishes the requirements for the procurement 
of the Heater Current Amplifier (MA2QA-1), hereinafter called the 
amplifer. 

APPLICABLE DOCUMENTS 

The following documents of the issue in effect on the date of 
invitation for bids focm a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors 

MIL-P-116 Preservation, Methods of 

MIL-I-16910 Interference Measurement, Radio, Method: 

and Limits, 14 Kilocycles to 1000 
Megacycles 

MIL-P-17555 Electronic and Electrical Equipment and 

Associated Repair Parts, Preparation foi 
Delivery of 

Apollo G(N 

ND-1015404 General Specification, Configuration, Pi 

eesr and Quality Control Requirements f< 
Suppliers of High Reliability Articles i 
use in Spacecraft and Supporting Equips 

STANDARDS 

Military 

MIL-STD-810 Environmental Test Methods for Aero¬ 

space and Ground Equipment 

DRAWINGS 

NASA 

1010039 Apollo IMU Temperature Control System, 

Scyematic 
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t lUTERPRET DRAWING ///ACCORDANCE W/rN Af/L-D- 703B7 

l. R3 4 R+ TO BE SELECTED PER ATP IOOOE &6 AFTER iS/T/AL EjJcAPSl/LATIOJf 
RANGE OF VALL/ES x FROM ?0K rURU HO K OUMS /U STEPS OF 
_ TWO RESISTORS MAT BE USED T 9 GET VALUE SEEDED. PER PART ¥ 0 . /O/O 36 + 

%, R 8 (EXTERNAL FEEDBACK RES/STOP) TO BE SELECTED PER ATP /000E3G ™ , . , / / 

RANGE OF VALUES FROM 300 OUMS rURU EK 0 UmS /U STEPS OF BO QUMS aUd 3< TmRU 7K OEMS m STEPS OF SO OHMS 
. 7 .: PER PART Mi.1010311. ONLY OUE RESISTOR MAY BE USED. 

RESISTOR FURNlSSED BY VENDOR 

4. IDENTIFY USING ORAWING NO., REVISION LETTER, SERIAL NO. 8 MANUFACTURERS 
SYMBOL. PER MIL-STD-ISO. 

5. ENCAPSULATE WITH EPOXY PER ND1002036, CURING CYCLE B. 

6. ASSEMBLY TO MEET REQUIREMENTS OF PS 1000286. 

7. USE SN60 SOLDER PER 0Q-S-57I FOR ALL ELECTRICAL CONNECTIONS. 

8. USE SN50 SOLDER PER OQ-S-571 TO SOLDER COVER TO ASSEMBLY TO CASE. 

9. FINISH I VINYL WASH 8 AINC CHROMATE PRIMER PER MIL-P-6889 TYPE I. 


oDIto 



" 3 ^- 

T:! 




































ND-1015404 General Specification, Configuration, 

Process and (^jality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment. 






































notes: 

I. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL*D'70327 
L R3 S R4 TO BE SELECTED PER ATP 1000286 AFTER INITIAL ENCAPSULATION 

,1 Range of values, from 90k thru iiokohms 

I TWO RESISTORS MAY BE USED TO GET VALUE NEEDED* PER PART NO. 1010695 
4, R 8 (EXTERNAL FEEDBACK RESISTOR) TO BE SELECTED PER ATP 1000286 
RANGE OF VALUES FROM 500 OHMS THRU 2K OHMS PER PART NO. I0I03II 
I ONLY ONE RESISTOR SHALL BE SELECTED AND THE PART NO. ANO DASH NO. SHALL 
1 BE MARKED ON THE COVER, AS SHOWN, PER NO 1002019 5 NDI002I22 TYPE IE CLASS 1 
4. IDENTIFY USING DRAWING NO., REVISION LETTER, SERIAL NO. 4ND 
MANUFACTURERS SYMBOL. PER MIL-STD-130 
•* ENCAPSULATE WITH EPOXY PER NO 1002036, CURING CYCLE B 

6 . ASSEMBLY TO MEET REQUIREMENTS OF PS 1000286 

7. SOLDERING OF ELECTRICAL CONNECTIONS TO BE IN ACCORDANCE WITH MIL-STD‘440 
WITH SN60WARP2 SOLDER. PER QQ-S-571 

B. SOLDER COVER ASSEMBLY TO CASE PER MIL'S’6S72A WITH SN50WARP2 SOLDER 
PER QQ-S-571 

f. FINISH*. VINYL WASH PER MIL-C-15328 AND ZINC CHROMATE PRIMER PER MIL'P~8585A 
' PAINT BLACK SEMI GLOSS ENAMEL TT-E’529 CLASS B. 

COLOR 27038 PER FED STD 595 

10. R7 TO BE SELECTED PER ATP 1000286 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 500 OHMS THRU IOKOHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO 1010694 
9 . CENTER IDENTIFICATION PLATE OVER POTTING HOLE 
8 * WINDING RESISTANCE FOR ACCEPTANCE TESTING; 

TERMINALS; 3 5 4 0.05 OHM MAX 
* 5 5 6 0.05 OHM MAX 

13. INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY FIBER SHEET 
PER MIL-I-695A TYPE F, WITH A MINIMUM DIELECTRIC STRENGTH OF 
250VOLTS PER MIL 
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-SEE. NOTE 3 


VIEW B'B 


INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED By MIL-D-70327 
R3ft R4 TO BE SELECTED PER ATP 1000286 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES, FROM 90K THRU IIOK OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010695 
. R8(EXTERNAL FEEDBACK RESISTOR) TO BE SELECTED PER ATP '000286 
RANGE OF VALUES FROM 500 OHMS THRU 2K OHMS P£R PART NO. 1 010311 _ 

ONLY ONE RESISTOR SHALL BE SELECTED AND THE IART MO ^MB DASHI NO. SHALL 
BE MARKED ON THE COVER, AS SHOWN, PER ND 1002019 ft NDI002I22 TYPE 31 CLASS 1 
. IDENTIFY USING DRAWING NO., REVISION LETTER. SERIAL NO. AND 
MANUFACTURERS SYMBOL. PER MIL-STD-130 
. ENCAPSULATE WITH EPOXY PER ND 1002036, CURING CYCLE B 
. ASSEMBLY TO MEET REQUIREMENTS OF PS 1000286 

SOLDERING OF TERMINALS TO BE IN ACCORDANCE WITH MIL*5TD”440. ALL OTHER ELECTRICAL 
CONNECTIONS, SOLDER PER MIL-S-6872 WITH SN60 WRAP2. SOLDER PER QQ-S-571. 

. SOLDER COVER ASSEMBLY TO CASE PER MIL'S *6872A WITH SN50WRAP2 SOLDER 
PER QQ-S-571 

i. FINISH*. VINYL WASH PER MIL-C-I532B ANO ZINC CHROMATE PRIMER PER MIL-P-8585A 
PAINT BLACK SEMI GLOSS ENAMEL TTE'529 CLASS B. 

COLOR 27038 PER FEO STD 595 

3. R7 TO BE SELECTED PER ATP 10002 86 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 500 OHMS THRU lOKOHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO 1010694 
I. CENTER IDENTIFICATION PLATE OVER POTTING HOLE 

2 WINDING RESISTANCE FOR ACCEPTANCE TESTING*. (MEASURED INCH MAX FROM HEADER) 

terminals; 3 a 4 o.os ohm max 
5 a 6 0.05 OHM MAX 

3 INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY FIBER SHEET 
PER MIL * 1 * 695A TYPE F, WITH A MINIMUM DIELECTRIC STRENGTH OF 

250VOLTS PER MIL 
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HEATER CURRENT AMPLIFIER 


The purpose of this document is to establish the 
manufacturing and test requirements for procurement of 
the Heater Current Amplifier which is intended for use 
in the Apollo Guidance and Navigation Equipment program. 



MIT I) 


■WitlJ. ih-ki 

A /MOT ADDOnVAI ' * 


1. SCOPE 

1.1 SCOPE, This specification establishes the requirements for the 

procurement of the Heater Current Amplifier hereinafter called 
oq>lifier, 

2. APPLICABLE DOCUENTS 

2.1 The following documents of the issue in effect on the date of in¬ 

vitation for bids fonp a port of this specification to the extent 
specified herein. 

SPECIFICATIONS 

Military 

MIL-P-116 Preservation, Methods of 

MILE-17555 


NASA/MSC APPROVAL 


Apollo GAN 
ND-1002023 

ND-1002059 

ND-1015404 


ND-1002019 


Electronic end Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of - 


Procedure for Serialization of Components, 
Assemblies, etc,, for Apollo Guidance and 
Navigation equipment. 

Qualification'Specification, Magnetic 
Amplifiers 

General Specification, Configuration, 
Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment* * t 

Marking, General Specification for 
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mtvmwm specification 
HEATEP CURRENT AMP1IFIER 


STOPF. TMs specification establishes the requirements for the 
procurement of the Heater Current Amplifier hereinafter called 
amplifier. 

APP! ICABLE DnClM^NTS 


The following documents of the issue in effect an the date of in¬ 
vitation for bids form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 


Military 
Mil.-P-116 
MIE-E-17SS5 


Apollo G 6 N 
NO-1002023 

ND-1002059 

NP-101S404 


Preservation, Methods of 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Procedure for Serialization of Components, 
Assemblies, etc., for Apollo Guidance and 
Navigation equipment. 

Qualification Specification, Magnetic 
Amplifiers 

General Specification, Configuration, 
Process and Ouality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment. 


NI>-1002019 


Marking, General Specification for 
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STANDARDS 


Federal 


2.2 


3. 


3.1 


3.2 


FIT)-STD-595 
Military 

MIL STD-130 


MIL-STu-202 


DRAWINGS 


Colors 


Identification Markin* of U.S. 
Military Property 

Test *tethods for electronic and 
F.lectrical Component Parts 


Apollo CM 

1000286 

1001620 

1001621 

1001623 


Heater Current Amplifier 
Reactor Assembly 

Core 6 Coil Assembly (Reactor Matched Pair) 
Core f» Coil Assembly (Transform^ Pwr) 


(Copies of specifications, standards, drawings, and publications 
reouired by suppliers in connection with specific procurement 
functions sltoulti he obtained from the procurinp activity or as 
directed by the contractin officer). 


CCNFUCTINC RIOtJIRFWNTS. In the event of conflict between the 
retirements of this specification and other specifications and 
drawinps cited herein, resolution must be obtained from the MIT 
APOLLO Management office via the purchaser. 


RFOIJIRFNtNTS 


The requirements of this specification are classified into two headings: 
General Requirements which are defined in parapraph 
3.2 ant) Performance and Product Characteristics which* 
are defined in parapraph 3.3. 

PFSTRIPTIPN. The unit shall be a mapnetic amplifier which provides 
a sipnal, proportional to the IHI heater current, used for monitoring 
telemetry and test points. 

GFNF.RAL RFOUIRFMSNTS 


3.2.1 Qualification Testinp . When specified by the purchaser, a representative 
sample of the amplifiers shall he manufactured usinp the methods and 
procedures proposed far the production lot. These shall he submitted 
to the NASA Inspector for-qualification tests at an activity desipnated 
in the contract or by the purchaser. These qualification tests are 
conducted to determine whether or not the amplifier? are be in* produced 
in compliance with the requirements of the contract, specification, and 
drawinps. Failure of the amplifiers to meet these requirements may result 
in disqualification of the supplier as determined by NASA or purchaser. 


2 
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Further production of the item by the supplier prior to approval of 
the purchaser or the coaipletion of qualification tests shall he 
at the supplier's risk. Reaualification will be required at the 
discretion of NASA or the purchaser in the event that, (a) the 
supplier has modified the item, (b) the supplier has instituted 
a chanpe in the material used or in his processing, and (c) the 
specification requirements for the item have been amended or revised 
sufficiently to affect the character of the item. 

The qualification tests will be conducted in accordance with the 
procedures specified in Section 4, 

3.2.2 Requalification Testing, When specified by the procuring activity, 
the supplier shall submit one or more amplifiers to be selected 
from each production lot by the procurinp activity for submission 
to a designated testinp activity to determine compliance of the 
sample (s) with the requirements of the contract, specification, 
and drawinps. 

3.2.3 Materials and Construct ion. The materials used in fabricating the 
amplifiers shall be in strict accordance with the applicable 
drawinps and specifications referenced herein. Substitute materials 
shall be selected with such quality as to ensure that the equipment 
will meet the requirements of this specification and shall be subject 
to prior approval of the procuring activity. 

3.2.4 Weight. Dimensions. Finish, and Marking. The weight, dimensions, 
finish, and marking of the .unpliYier shall comply with the require¬ 
ments specified herein or on the applicable drawings. 

3.2.4.1 Weight . The weight of the amplifier shall not exceed 1.6 ounces. 

3.2.4.2 Finish. Finish shall be as specified on the applicable drawing. 


3.2.4.3 


Markinp Marking shall be in accordance with Mil .-STD-130.and 

ND-100201% and as specified m the applicable drawing. . 


Specification 


« un * 1 r 'T • iuiul itir at 1*w» 
"i* *ti*i frrti to re ^at»iv or. *-bc 


3.2.5 Serial Numbers. Fach amplifier identified by General Arrangement 
(or Assembly) Drawing shall be identified by a serial number 
assigned in accordance with Specification ND-1002023. 

3.2.6 Workmanship. The fabrication and finish of the amplifier, its assemblies, 
subassemblies, and parts he such as to produce a unit free from 

any defect that would affect proper functioning in service. 

3.2.7 Warranty. A warranty shall provide for the supplier to remedy by 
correction or replacement any* component or end item found to be 
defective in material or workmanship not later than six (6) booths 
after acceptance. 


The allowability of the cost of any such correction or replacement 
shall be determined as provided in the clauses of the appropriate 
contract entitled "Allowable Cost, Fixed Fee and Payment," and 
Inspection and Correction of Defects." 
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3,2.8 Service I ife, 

3.2.8.1 Operating life. The amplifier design is intended to meet performance 
specifications for at least 20,000 hours of operation, excluding the 
supplier's test time of the completed unit. 

3.2.8.2 Shelf Life. The amplifier design is intended to have a shelf life 
of at feast 5 years, without operation, at ambient room temperature 
after final acceptance at the supplier's plant. 

3.3 PFRFPRMANTF AND PRODUCT CHARAfTFPISTIfS. The following requirements 

are stated to inform the supplier of specific characteristics and 
of the goals that were considered in the desipn. Inclusion of this 
information shall not he construed by the supplier as authorization 
to modify the design. 

If the design of any part is not completely specified by the con¬ 
tractual documents, the supplier may submit a suggested design 
document for approval which will support these retirements. 

If, in the opinion of the supplier, any design or testing shall 
impose undue time delay or expense, he shall so state, in detail, 
in a counter-proposal, substantiating all contributing factor* 
when submitting a bid, proposal, or change reouest. in connection 
tieh this specification. 

Requests for changes or deviations to this specification or to 
applicable drawings, specifications, publications, materials, or 
processes specified herein shall be accompanied by written 
justification. 

3.3.1 Functional Requirements. 

3.3.1.1 Winding Resistances. DC resistance of the windings shall be as 
specified on Apollo t $ N Drawings 1000286, 100162®, 1001621 and 1001623 

3.3.1.2 Dielectric Strength, The amplifier shall exhibit no evidence of 
breakdown when subjected to a 500V' rms voltage. 

3.3.1.3 Insulation Resistance. The insulation resistance of the amplifier 
shall he lo megohms minimum. 

3*3.1.4 Performance. Performance of the amplifier shall be as follows: 

3.3.1.4.1 Power Input. The amplifier shall operate with 50 ma maximum 
current from a 20 ♦ 2V rms, 3200 ♦ 32 cps source having the 
waveform characteristics specified in 4.2.2. . , 


PS-1 000286 -n 
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3.3.1.4.2 Cain . The unit shall provide an exit put of 0.0 ♦ 0.1 to 5.00 ♦ 0.25 
vSTwith a control current of 0 to 2 aarpeTea. The amplifier shall 
operate as specified after reaching thermal stability with the ambient 
temperature specified in 4.2.1, and apain after reachinp thermal stability 
with the ambient temperature of 150^ ♦ 5°F. When the ambient temperature 
is returned to that specified in 4.2.T and after thermal stabilization 
occurs, the amplifier shall apain operate as specified, fain shall 

he controlled by means of an external sealinp resistor. (Note: R3 (feed¬ 
back resistor] shall be in the same environment as the amplifier at 
ail times) 

3.3.1.4.3 Supply Voltage Sensitivity . The amplifier shall operate as specified 
herein with the ^200 cps source at any voltage between 18V raa 
and 22V raa. 


3.3.1.4.4 Output Ripple, flit put peak-to-peak ripple shall not exceed 50 m (0-10 kc). 

3.3.1.4.5 fVrtput Impedance . The output impedance shall be less th»i 1000 ohms. 

3.3.2 Fnvironmental Reouirements . The amplifier shall be capable of meetinp 

the reouirements of Specification NP-1002059. When a particular 
reouirement in Specification ND-1002059 includes the amplifier's 
capability of operation while Heine subiected to an environment, this 
shall he constiued to mean that an output of 2.5+ 0J.V shall be 
maintained under standard operating conditions as defined in 6.1.1. 


3*3.3 Pesipn Requirements . 

3.3.3.1 Tnterchanpeahi1ity . Unless otherwise specified, the amplifier and its 
component parts' snail be physically ami functionally interchanpeahle 
without selection or fittinp. 

3.3.3.2 Reliability . The amplifier shall be capable of operatinp a minimum of 
20,000 consecutive hixirs without maintenance under any combinations of 
conditions specified herein and shall have a maximun failure rate of 
0.5 failures per 1,000,000 hours. 

3.3.3.3 Radio Interference Suppression. The suppression of radio noise and 
interference sha11 be considered in the design of the amplifier. 

3.3.3.4 Flairmahle Materials. Materials which may he ipnited or cause an explosion 
sha11 not"he used for construction applications where sparking or arcing 
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could cause ignition. Materials irfiich may inadvertently support 
combustion shall not be used. Flawnable impregnating, potting or 
embedding compounds, when enclosed in fire-resistance containers, 
shall be acceptable. 

3.3.3.5 Toxic Materials. Mateirals which produce harmful toxic effects 
during service usage shall not be used. Where a suitable.nontoxic 
material is not available, preventive measures shall be provided, 
subject to the approval of NASA. Materials which when ignited, 
produce toxic substances or vapors shall lie avoided whenever practicable. 

3.3.3.6 Unstable Materials . Materials which are unstable or become unstable 
to the extent that they emit or deposit aorrosive substances 
capable of causing corrosion or producing electrical leakage paths 
within an assembly under possible operating and storage conditions 
shall not be used during manufacture or recomnended for use 
during maintenance. 

3.3.3.7. Corrosion, Moisture, and Fungus-Resistant Materials. Materials 
shall be selected Tor noncorrosive and nonhvgroscopic character¬ 
istics and ability to resist the effects of corrosion, moisture 
ami fungus. Preference shall be given to materials with inherent 
fungus resistance rather than reliance upon the application of 
surface fungistatic or fungicidal treatments. 

3.3.3.8 Dissimilar Me t als. The use of dissimilar metals shall be avoided 
whenever practicable. Magnesiun shall not he used except with 
the prior approval of the procuring agency or when so called for 
on the applicable Apollo f. 5 N drawings. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 CFNFRAI. Unless otherwise specified herein, the supplier is 
responsible for the performance of all inspection requirements 
prior to submission for NASA inspection and acceptance. Except 
as otherwise specified, the supplier nay utilize his own 
facilities or any commercial laboratory acceptable to NASA. 

Inspection records of the examinations and tests shall he 

kept complete and available to NASA as specified in the contract 
or order. The supplier shall conform to Class 1 of Specification 
NO-1015404. 

4.1.1 Acceptance Tests. These tests shall be accomplished on each 
amplifier being submitted for acceptance under the contract. 
Acceptance test data on each unit accepted must accompany ship¬ 
ment to the purchaser. Acceptance tests shall he witnessed by 
the cognizant gove r nm ent inspector, a representative of the 
purchaser, or as the purchaser may direct in the procurement order. 
These tests are detailed in 4.2. Failure of the amplifier to 
oo^ly with these requirements shall result in rejection of the item. 

4.1.2 Qualification and Requalification Tests. Qialificaticn and 
rfequalification tests shall he accomplished at a NASA designated 
activity. These tests, as outlined in 4.3, shall be conducted after 
the award of the contract to determine that the production will meet 
all requirements of this specification. Acceptance shall be baaed 
on no defects in the amplifier. 

Failure of the amplifier to comply with these requirements shall 
result in the rejection of the lot or the cessation of production, 
as determined by the purchaser. 

4.2 ACCEPTANCF TESTS 

4.2.1 Test Conditions. Unless otherwise specified herein, the amplifier 
shall be subjected to tests under the following ambient conditions. 

(a) Temperature 25 ♦ 10* C 

(h) Relative Humidity Not more than 90% 

(c) Barometric Pressure 28 to 31 inches Ug. 

4.2.2 Test Power. The following electrical inputs, as measured at the 
Input of the unit oater test, are necessary for testing this item: 

(a) 20*2V ms, 3200*32 cps, square wave, 1.0 va maxima* power. 

The square wave shall have a rise time of 20seconds 
maximum Mid a balanced duty cycle within 5.0 percent. 

(b) Two 0 to 2 ampere dc current supplies 
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4.2.3 


4.2.4 

4.2.5 


4.2.6 


4.2.7 


4.2.7.1 
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Mechanical Inspection . A comprehensive inspection 
shall be made of the amplifier to determine the extent of 
compliance with the requirements of this specification and the 
applicable Apollo f 5 N dravinp specified in Section 2 and shall 
at least include determination on the followinp; 

(a) Size, dimension, tolerance, weipht, appearance and markinps, . 

(h) Adeauacy of materials, parts, and subassemblies; compliance 

with specific ratinps, and conformance to applicable specifications. 

(c) Finish, coatinps, construction, markinps, and nameplates, 
as applicable. 

(d) Kirinp, cablinp, weldinp, solderinp, color codinp and 
terminals, as applicable. 

(e) Workmanship and cleanup. 

PT Resistance . DT resistance shall be tested bv usinp method 303 of MII- 
Mi’— zvz and shall he as specified on Apollo C §, N Prawinp 1000286. 
1001620, 1001621, and 1001623. 

Dielectric Strength * Dielectric strenpth shall he checked by 
appivinp a 500V rms, 60 cps voltape between each terminal and 
the case and a 2f>0V rms. 60 cps (10PK source impedance) voltaee 
between the terminals specified in Table I. The leakape current 
shall not exceed 1.0 ma. This test shall he conducted in accordance 
with method 301 or MIb-STP-202. 


Tahle I. Dielectric Strength and Insulation Resistance 


Retween Terminals: 

Between Terminals: 

1 and 6 

6 and 3 

1 and 3 

6 and 8 

1 and 8 

8 and 3 


Ins til at ion Resistance. Insulation resistance shall be checked bv 
applyinp a 250 vdc voltape (current limited to 6 pamp) between each 
terminal and the case and between the terminals specified in Table I. 
The minimum acceptable resistance shall be 10 mepohms. This test 
shall be conducted in accordance with method 302 of MIb-STP-202. 

Performance. Performance of the amplifier shall he checked as 
follows. The test setup for these tests shall he as specified in 
Fipure 1. Unless otherwise specificd, switch S4 shall he in the 
open position. 

* nput * in P l,t current from the 20V rms. 3200 cps source 

snail he monitored at meter Ml durinp all of the Performance Tests. 

It shall not exceed 50 ma under any conditions. 
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R1 r R2 - 10 oh* t ♦lOI, 100W resistors 

R3 - Feedhack“resist or (Value as stamped on amplifier) 

Ml - 0*100 m thermocouple milliameter (Weston model, t>22 or equiv.) 
M2, M3 • 0 -tmw& a?wMr, ncrnrary 

»DC differential toltaeter, 0.05* accuracy tl aegoha aln 
Impedance) , 


Figure !• Test Setup 




4.2.7.2 


r»- FUIVBO-* 

10 0 ce » 10 * 3 ' 

2 June 1964 

Cain. With switch SI closed and switch S2 open, adjust the current indicated 
on neteT M2 to the values specified in Table II. The output voltape as 
measured at meter M4 shall he as specified in Table II. 

With SI open and S2 closed adiust the input current indicated on meter M3 
to the values specified in Table II. The output voltape as measured at M4 
shall be as specified in Table II. 

With SI closed and S2 closed, adjust both input currents (as indicated 
on *«2 and M3) to 0.5 ampere. The output voltape (M4) shall be 2,500* 

0.175 vdc. Readjust both input currents to 1.0 ampere. The output "" 
shall he 5.(HO.25 vdc. 

This test shall be performed three times, once in each of the following 
ambient temperature*, in the sequence indicat'd, after the amplifier 
and R3 (feedback resistor) attain thermal stability in the ambient 
temperature: 

(a) The temperature specified in 4.2.1 

(b) 150° ♦ 5°F 

(c) The temperature specified in 4.2.1 

Table II. Gain 


Input Current 
(amperes) 

(Xitput Voltage 
(vdc) 

0.00 

0.000*0.100 

0.50 

1.250*0.138 

1.00 

2.500*0.1*5 

1.50 

3.750*0.213 

2.00 

5.000*0.250 




4.2.7.3 Supply Voltare Sensitivity . With SI closed and S2 closed, hnd the 3200 cps 
supply adjusted to 1HV rms, adjust both input currents (M2 and ^*3) to 

0.5 ampere. The output voltape (M4) shall be 2.500*0.175 vdc. Readjust 
both inputs currents to 1.0 ampere. The output (M4j shall be 
5.000*0.250 vdc. 

Repeat the above test with the 3200 cps supply adjusted to 22V rms. 

(Xitput voltages shall again be as specified above. 

4.2.7.4 Qjtput Ripple . Connect a calibrated oscilloscope across meter M4. With 
51 closed and S2 open, vary the current indicated on M2 from 0.0 to 2.0 
amperes while monitoring the oscilloscope. The ac peak-tn-pcak ripple 
voltage present in the output shall not exceed 50 mv (0*10 kc). 

4.2.7.5 'Xitput Impedance . With SI closed and S2 open, adjust the current indicated 

on *<!z so that the output voltage (M4) is 5.00*0.2S. -4I.OO via. Tfean alaaa evltafc 
S4« The voltage at M4 shall not drop below 2.$ vdc. 
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4.3 OllAUFIfATICN ANT) RFOtJALIFIfATTnN Qualification and requalification 
tests shall be performed in accordance with Specification 

NP-1002059. When amplifier operation is included as a condition 
in a test in Specification NP-1002059, the amplifier shall be 
operated under standard operating conditions (see 6.1.1). The 
output shall be monitored during operation under standard operation 
conditions and shall be 2.5±0.1V at all tines. 

4.4 RFMABIfJTY. The reliability requireme n ts contained in Section 
3 of this specification are design objectives. Unless 
specifically called for in the procurement contract, it shall 
not be necessary for the supplier to demonstrate his compliance 
with the requirement. The supplier will furnish the purchaser 
or NASA such data as he nay have available for establishing the 
current reliability of these units. Additional data shall be 
accumulated to as great a degree as possible from the tests 
specified herein or any other tests the supplier may conduct 
which will tend to support or certify attainment of the 
reliability objectives specified. 
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5. PREPARATION FOR DELIVERY 

5.1 PRESERVATION AND PACKAGING. The amplifier shall he preserved 
and packaged in accordance with Specification MIL-F-17555, 
level B, as specified in the contract or purchase order. 

5.1.1 Level B (Limited Military Packaging ). Level B packaging is that 
which vill afford adequate protection against damage during 
multiple domestic shipments, handling, and covered storage. 

5.1.1.1 Cleaning. Cleaning for Level B preservation and packaging shall 
be in accordance with method C-l of Specification MIL-P-116. 

5.1.1.2 Unit Protection. The amplifier shall he individually afforded 
unit protection in accordance with method III of Specification 
MIL-P-116. In addition, equi ent packaged for level B pro¬ 
tection shall be sealed agair water and dust by means of 
suitable wrapping. 

5.2 REPAIR PARTS. Repair parts shall have preservation and packaging 
per the applicable repair parts list and its packaging supplement. 

5.3 PACKING. The equipment shall be packed in accordance with Specifi¬ 
cation MIL-E-17S5S, level B. 

5.4 MARKING. In addition to any special marking required by the 

contract or order, the marking of unit, interior packages, and 
exterior shipping containers shall be in accordance with level 
B of Specification Mil -L-17555. 

6. NCTES 

6.1 DEFINITIONS 

6.1.1 Standard Operating Conditions. For the purposes specified in 

S.3.2 and 4.3, standard operating conditions shall he defined 
as follows: 

a) A power input of 20±2V rms, 3200t M cpe. fwitfc tfc* warn* form 
characteristics specified in 4.2.2) applied between terminals 

1 and 2. 

b) A feedback resistor f<see Figm* I >#onnaeted between n 
terminals 9 and 10.? Hi; 5 ?;• nr* . 

c) A 250Kt2 percent resistor and a dc differential voltmeter 
(0.05 percent accuracy) connected in parallel between terminals 
7 and 8. 

d) A 6.5 ampere dc aiYrent flowing through each mMllf, te rtrlnelf 
3 (♦) and 4 (-) and terminals 6 (♦) and 5 (•}. 

e) Unless otherwise specified in Specification NP-1002059, the 
test conditions listed in 4.2.1 shall apply. 
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NOTICE: When NASA drawings, specifications, and other data are 
used for any purpose other than in connection with a definitely 
related NASA procurement operation, NASA thereby incurs no 
responsibility nor any .obligation whatsoever, and the fact that 
NASA may have formulated, furnished, or in any way supplied the 
said drawings, specifications, or other data is not to be 
regarded by implication or otherwise as in any manner licensing the 
holder or any person or corporation, or conveying any right or permission 
to manufacture, use or sell any patented invention that may in any 
way be related thereto. 
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SEE NOTE 3 


1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D'70327 

2. R3 S R4 TO BE SELECTED PER ATP 1000286 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES, FROM 90K THRU IIOKOHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010695 

3. R8 (EXTERNAL FEEDBACK RESISTOR) TO BE SELECTED PER ATP 1000286 
RANGE OF VALUES FROM 500 OHMS THRU 2K OHMS PER PART NO. 1010311 

ONLY ONE RESISTOR SHALL BE SELECTED AND THE PART NO. ANft DASH NO. SHALL 
BE MARKED ON THE COVER, AS SHOWN, PER NO 1002019 d ND 1002122 TYPE H CLASS 1 

4 . IDENTIFY USING DRAWING NO., RE VI SION LETTER, SERIAL NO. AND 
MANUFACTURERS SYMBOL. PER MIL-STD* 130 

5. ENCAPSULATE WITH EPOXY PER ND 1002036, CUR ING CYCLE B 

6. ASSEMBLY TO MEET REQUIREMENTS OF PS 1000286 

7. SOLDERING OF TERMINALS TO BE IN ACCORDANCE WITH Mll*5TD-440. ALL OTHER ELECTRICAL 
CONNECTIONS, SOLDER PER MIL-S-6872 WITH SN60 WRAP2 SOLDER PER QQ-S-571. 

8. SOLDER COVER ASSEMBLY TO CASE PER MIL'S *6872 A WITH SN50WRAP2 SOLDER 
PER QQ-S-571 

9. FINISH*. VINYL WASH PER MIL*C-I5328 AND ZINC CHROMATE PRIMER PER MIL-P-8585A 

PAINT BLACK SEMI GLOSS ENAMEL TT-E'529 CLASS B. 

COLOR 27038 PER FED STD 595 

10. R7 TO BE SELECTED PER ATP 1000286 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 500 OHMS THRU lOKOHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO 1010694 

11. CENTER IDENTIFICATION PLATE OVER POTTING HOLE 

12. WINDING RESISTANCE FOR ACCEPTANCE TEST ING*. (MEASURED /& INCH MAX FROM HEADER) 

TERMINALS; 38 4 0.05 OHM MAX 

5 ft 6 0.05 OHM MAX 

13. INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY FIBER SHEET 
PER MIL-1- 695A TYPE F, WITH A MINIMUM DIELECTRIC STRENGTH OF 

250 VOLTS PER MIL 

14. FOR THE 1000286*000 ASSEMBLY THE TYPE I REQUIREMENTS OF THE PS AND ATP 
SHALL APPLY IN NOTES 2,3,* AND 10 OF THIS DRAWING. 

15. FOR THE 1000286-011 ASSEMBLY THE TYPE H REQUIREMENTS OF THE PS AND ATP 
SHALL APPLY IN NOTES *,3,6 AND 10 OF THIS DRAWING. 
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PROCUREMENT SPECIFICATION 
HEATER CURRENT AMPLIFIER 


1. SCOPE 

1.1 SCOPE. This specification establishes the requirements for the procurement of 
the Heater Current Amplifier hereinafter called amplifier. 

1.2 CLASSIFICATION. The requirements for the equipment covered by this specification 
shall be classified as follows. Unless identified by the respective type, all requirements of 
this specification are applicable to all types. 

a. Type I: The requirements for Part Number 1000286-000 shall be designated 
as Type I in this specification and identified as PS1000286-000. 

b. Type II: The requirements for Part Number 1000286-011 shall be designated 
as Type II in this specification and identified as PS1000286-011. 

2. APPLICABLE DOCUMENTS 

2. l Hie following documents of the Issue in effect on the date of invitation for bids 
form a part of this specification to the extent specified herein. 


SPECIFICATIONS 

Military 

MIL-P-116 

MIL-E-17555 

APOLLO G&N 
ND-1002023 

NI>-1002059 
ND-1015404 


Preservation, Methods of 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Procedure for Serialization of Components, 
Assemblies, etc., for APOLLO Guidance and 
Navigation Equipment. 

Qualification Specification, Magnetic Amplifiers 

General Specification, Configuration, Process and 
Quality Control Requirements for Suppliers of High 
Reliability Articles for Use in Spacecraft and 
Supporting Equipment 


ND-1002019 


Marking, General Specification for 
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3.2.8 Scn f ice I ife. 

3 2 8 1 Operating l ife. The amplifier design is intended to meet performance 

* speciI legations’ foT at least 20,000 hours of operation, excluding the 

supplier’s test time of the completed unit. 

3282 Shelf life. The amplifier design is intended to have a shelf life 
of at lea's? 5 years, without operation, at ambient room temperature 
after final acceptance at the supplier’s plant. 

3.3 ITProRMANTT AMP PRPDirr fHAPAfTFPlSTTrS. Tlx? following requirements 

are stated to inform the supplier of specific characteristics and 
of the goals that were considered in the design. Inclusion of this 
information shall not he construed hy the supplier as authorization 
to modify the desip,n. 

If the design of any part is not complexly specified by the con¬ 
tractual documents, the supplier may submit a suggested design 
doci**ent for approval which will support these reouirements. 

Tf, in the opinion of the supplier, any dcsipn or testing shall 
impose undue time delay or expense, he shall so state, in detail, 
in a counter-proposal, substantiating all contributing factors 
when submitting a bid, proposal, or change reouest. in connection 
tieh this specification. 

Reouests for changes or deviations to this specification or to 
applicable drawings, specifications, publications, materials, or 
processes specified herein shall be accompanied by written 
just if teat ion. 

3.3.1 functiona1 Pcauirement s. 

3.- l.l Winding Resistances. DC resistance, of the vimlings shall be as 

srcc { He;! on ApoHe P f« N Drawings 10002&, 100162©, 1001631 and 1001623.* 

3.3.1.2 Pielectric Strength. The amplifier shall exhibit no * %, idence of t * 

! real clow vi.cn sul Tect ed to a 500Y rms voltage 

3.3.1.3 Insulation Resistance. The insulation resistance of the amplifier 
slial 1 \ c lb megohms ninimur, 

3.’. 1.1 ’’erferrv.ncc. Performance of the aryliiirr shall he as follows: 

t.l bowoi input. Tie amplifier shall opern*, with SO ma mnxirtn 

uurT7TV T r or n 2*' ♦ H rms. 3200 ♦ ; 1 - source (Type I) or a 20*4,-2V rms, 
3200 ± 32 eps source (Type II) having the waveform characteristic# specified In 
4.2.2. 
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3.3.1.4.2 Cain . The unit shall provide an output of 0.0 ♦ 0.1 to 5.00 ♦ 0.2S 
vtTTVith a control current of 0 to 2 ampere*. The amplifier shall 
operate as specified after reaching therm’ stability with the arhient 
tcmjxjrature specified in 4.2.1, and apain after reacl.inp thermal stability 
Kith the ambient temperature of 150° ♦ S°F. ! hen the ambient temperature 
is returned to that specified in 4.2.T and after thermal stabilization 
occurs, the amplifier shall apain operate as specified, fain shall 
he controlled by means of an external sen Imp resistor. (Note: P3 [feed- 
bad resisted shall be in the same environment as tlie amplifier at 
all times) 


3.3.1.4.3 supply Voltarc Scnsitivitv. The amplifier shall operate as specified 

herein with the 3?00 epa source at any voltage between 18V rms 
and 22V rms /Type I) or 24V rms (Type II). 


3.3.1.4.4 f\itput Rirrle . (\itput pcak-to-peak ripple shall not exceed SO mv ((’-10 kc). 

3.3.1.4. S nut put I rrpedance » The output impedance shall he less than 1000 ohms. 

3.3.2 knvironmortal ncunirencnis . The amplifier shall le capable of meet inr 

the rcouircmcnts of £pec l'fication NO-1 (’02059. vben a particular 
reouirement in Specification Nf>-l(’O2059 includes the amplifier's- 
capability of operation while bcinn suhiocted to an ervir^wnt, this 
shall be construed to mean that an output 4 of 2.5* 0.1V shall be 
maintained under standard operating conditions as defined in 6.1.1. 


3.3.3 


3.3.3.1 


3.3.3.2 


3.3.3.3 

3.3.3.4 


Pesipn Pcouiremcnts. 


Tntcrchnnpeahilitv. !>nlcss otherwise specified, the amplifier and its 
component jarts sha11 be physically and functionally intcrchanpcahle 
without selection or fit tine. 

n eliahilitv. The amplifier shall he capable of operatinp a minimum of 
20,i’f’O consecutive hours without maintenance under any combinations of 
conditions specified herein and shall have a raAimum failure rate of 
0.5 failures per 1,000,000 hours. 

Padie Interference Suppression. The suppression of radio no4sc apd 
interference shall be considered in the desipn of the amplifier. 

Ftamable "aterials. 'Materials which ray be ipnited or cause an explosion 
shall not !c uscxT for cpnstruction applications where sparkinp or arcinp 
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PFAFITY ASSI’PANCF PROVISIONS 

(TNTf'A! . Unless otherwise specified herein, the supplier is 
responsible for the performance of all inspection requirements 
prior to submission for NASA inspection and acceptance, hxcept 
as othervise specified, the supplier may utilize his own >•« 

facilities or any commercial laboratory acceptable to NASA. 

Inspection records of the examin; tions and tests shall he 
kept complete and available to NASA as specified in the contract 
or order. The supplier shall conform to <lass 1 of Specification 
NP-101S104. 

Acceptance Tests. These tests shall be accompli shed* on each 
amplifier beinp submitted for acceptance under the contract. 
Acceptance test data on each unit accepted must accompany ship- * 
went to the purchaser. Acceptance tests shall be witnessed by 
the cognizant government inspector, a representative of the * * 

purchaser, or as the purchaser may direct in the procurement order. 
These tests are detailed in 4.2. Failure of the amplifier to 
comply with these requirements shall result in rejection of the item. 

fXialif ication and kcquaiification test^. Dual ification and 
^qualification tests sballbeavcbmplisbeo at a NASA designated 
activity. These tests, as outlined in shall be conducted after 
the award of the contract to determine that the production will meet 
all requirements of this specification. Acceptance shall be based 
on no defects in the amplifier. , 

Failure of the amplifier to comply with tbe^e requirements shall 
result in the rejection of the lot or the cessation of production, 
as determined by the purchaser. 

AfrTPT.ANTF TF.STS 

Test Fonditions. Italass otherwise specified herein, the amplifier 
shall he suljected to tests under the following ambient conditions. 


(a) 

Temperature 

2S ♦ 10° 

r 

(b) 

Relative Humidity 

Not more 

than 901 

1c) 

Barometric Pressure 

28 to 51 

inches iig 


Test Power. The following electrical inputs, as measured at the 
lupuPoTThe unit undeT test, arc necessary for testing this itat: 

(a) 20±2V nqs, (Type I), a»*4, -2V rm# (Type II) 3200*82 epe, aquari wave 
1.0 va maximum power. Hie square wave shall have a rise time of 26 fi 
seconds maximum and a balanced duty cycle within 5.0 percent. 

(b) Two 0 to 2 ampere de current supplier. 
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v isi::il and Vccl.anical Inspect ior, . A comprehensive inspect ion 
shall Vc made of the ary'nfiertc clctcrrinc the extent of 
corpliance Kith the requirements of this specification and the 
applical lc Apollo C G N dravinp specified in Section 2 and shall 
at least include determination on tie follovinp; 

(a) Size, dimension, tolerance, weipht, appearance and markinrs* 

(I) Adcouacy of materials, parts, and subassemhlies; compliance 

with specific ratinps, and conformance to applicable specifications. 

(c) Finish, coatinps, construction, rarlinps, and nameplates, 
as applicable. 

(d) Kirinp, cahlinp, weldinp, solderinp, color codinp and 
terminals, as applicable. 

(c) Workmanship and cleanup. 

T K' Resistance. PT resistance shall le tested hv usinp method 303 of M 4I - 
nm! shall l>c as specified on Apollo f f, N PraKinn 1000286, 
10U1620, 1001621, ami 1001623. 

Pielectric Strcnrth . Pielectric strenpth shall bp checked hv 
applvinp a ^OoV rms, 60 cps voltage between each terminal and 
tie case and a 200V rms. 60 cps ( loot: 'source irpedance) voltape 
between the terminals specified in Table I. The leal ape current 
shall rot exceed l.o ma. This test shall he conducted in accordance 
with method 301 or MI! -STP-202. 


Table 1. Pielectric * ; trcnt»tb and Insulation resistance 


between Terminals: 

Pet ween Terminals: 

I am 1 <' 

( anil 3 

/I and 3 

6 ami 8 

1 and 8 

8 am! 3 


Insulation resistance. Insulation resistance shall lc checked by 
applvinp a 2*0 vile volt ape (current limited to 6 |*amp) between each 
terminal .am! the case am! between the terminals specified in T.ahle I. 
The minimum acceptable resistance shall be 10 mcpolims. This test 
shall he conducted in accordance with method 302 of ‘’H.-STP-2P2. 

Pcrforrarcc. Performance of the amplifier shall he checked as 
f 1 c 11 ows. the test setup for these tests shall he as specified in 
Tipurc 1. l'nless otherwise specifiec!, switch S4 shall he in the 
ofon position. 

Rover Input . The input current from the 2P\’ rms (Type I) or 21V rra® 
(Type II) 3200 ope source shall be monitored at meter Ml during all of the 
Performance Tests. It shall not exceed 50 ma under any conditions. 


8 


j 



Apollo G & N Spec i f icat r on 
P5-f0D02&6-T 


20±2V mis (Typ I) 

20+4, -2V m>fi (Type II) 
3?P0H? cpft 


f f 



ni t . = 1(1 oilr, -10* , 1001. re‘*’stors 

T, 3* = ! mil mc).“ resistor f'nlue n< *t«Trpci! on nrpliUeri 

\<] - p. loo m tl crrocouplc ni 11 iareter (V.c^^r ’’txio!, (22 or couiv.! 

»V*. •- o.?-*"p*r nr^’-^'-y 

M4* -DC differential voltmeter, 0.05< accuracy (1 megohm min. Input 

Impedance) 


Figure 1. Test Setup 
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4.2.7.2 fain. Kith switch SI closed and switch S2 open, adiust the current indicated 
or rcter M2 to the values specified in Table II. The output voltage as 
treasured at meter M4 shall be as specified in Table IT. 

With SI open and S2 closed adiust the input current indicated on meter M3 . 
to the values specified in Table II. The output voltape as measured at M4 
sliall be as specified in Table II. 

Kith SI closed and S2 closed, adjust both input currents (as’indicated 
on M2 and M3) to 0.5 ampere. The cutput voltape (M4) sliall be 2,500* 

0.175 vdc. Readjust both input currents to 1.0 ampere. The output 
shall be 5.0*0,25 vdc. 

This teatAall be performed three times, once in each of the following 
ambient temperatures,.in the sequence indicated, after the amplifier 
and R3 (feedback resistor) attain thermal stability in the ambient 
temperature: 

(a) The temperature specified in 4.2.1 
(h) 150° ♦ 5°T 

(c) The temperature specified in 4.2.1 


Table II. Gain 



4.2.7.3 Supply VoItare Sensitivity. With SI closed and S2 closed, hod the 3200 cps 
supply adlusted to 1»V Tms, adjust both input currents (M2 and *5) to 

0.£ ampere. The output voltape (M4) shall be 2.500*0.175 vdc. Readjust 
both inputs currents-to 1.0 ampere. The output (M4T shall he 
5.000*0.250 vdc. 

Repeat the above test with the 3200 cps supply adjusted to 22V rms (Type I) ;■ 
or* £4V ' rms (Type H). Oatpat voltages shall agaia be as specified above. 

4.2.7.4 Output Ripple. Connect a calibrated oscilloscope across meter Ml, With 

closed and S2 open, vary the current indicated on 7*2 from 0.0 to 2.0 
amperes while monitorinp the oscilloscope. The ac pcak«*-»-peak ripple 
voltape present in the output shall not exceed 50 mv (0-10 kc)<* 

4.2.7.5 Output Impedance. With SI closed and S2 open, adiust the current indicated 

on so thnf the output voltape (M4) is 5.00*0.25, -0.00 vie. flMB aloaa Mdtsh 
S4. The voltape at M4 shall not drop below 2.S vdc. 
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$.1 


PRLSTPVATION AMP PAfkACTNC. T)»e amplifier shall he preserved 
and packaged in‘accordance with Specification Mil.-P-17555, 
level B, as specified in the contract or purchase order. 


5.1.1 . Level B flimited Military Packaging). Level B packaging is tlfet 

which v i I I nffV>r<l adequate protect ion against damage during 
multiple domestic shipments, handling, and covered storage, 

5.1.1.1 Cleaning. Cleaning for level B preservation and packaging shall 

be in accordance with method C-l of Specification Mil.-P-116. 

'# 

5.1.1.2 Unit Protection. The amplifier shall he individually afforded 

unit protection in accordance with method III of Specification 
MfL-P-U6. In addition, eouipment packaged for level B pro. 
tection shall be sealed against water and dust by means of 
suitable wrapping. r 

5.2 RFPAIR PARTS. Repair parts shall have preservation and packaging 
per the applicable repair parts list and its packaging supplement. 

5.3 PACKING. The eouipment shall be packed in accordance with Specifi* 
cation Mff-f-17555’, level B. 

5.4 MARKING. In addition to any special marking, required by the 

contract or order, the marking of unit, interior packages, and 
exterior shipping containers shall be in accordance with level 
B of Specification Mil -I -17555• *#■ 

6, ' NOTTS ' 

. 6.1 WFINITIONS 


6.1.1 Standard Operating Conditions. For the purposes specified in 
3.3.2 and 4.3, standard operating conditions shall be defined 
as follows: 


a) A power input of 20* 2V rms, (Type I) or 20*4, -2V rma (Type II) 3200*32 epa 
(with the wave form oharaoteiiatles epeclfied la 4.2.2) applied between tana Inals 

1 and 2,•. 

*. ■ 

b) A feedback -csisto' fame Figure I )coaneot#d betweea c ”* 

terminals 9 and 10. .. 

c) A 250k't2 percent resistor and a dc differential voltmeter 
(0.05 percent accuracy) connected in parallel between terminals 
7 and 8. 

d) A B.S ampere dc .current flowing through each winding, terminals 
3 (♦) and 4 (-) anil terminals 6 (♦) and 5 (-}• 

e) Unless otherwise specified,.;in Specification VP-1002059, the 

test conditions listed in 4.2.1 <hall applv. * 


n 
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2.1 


The purpose of this document is to establish the manufacturing 
\ requirement8 fop Procurement. The Heater Current Amplifier 
(KA20A-1) is Intended for use in the Apollo Guidance and Navigation 
Equipment program. 6 
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PROCUREMENT SPECIFICATION 
WATER CURRENT AMPLIFIER (MA20A-1) 


SCOPE 

This specification establishes the requirements for the p roc u rement 
of the Heater Current Amplifier (MA20A-1), hereinafter called the 
smplifer. 

APPLICABLE DOCUMENTS 

The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 

Military 


MIL-T-27 


Transformers and Inductors 


MIL-P-116 

MIL-I-16910 

MIL-P-17555 

i 

Apollo GAN 
ND-101540# 


STANDARDS 

' Military 

MIL-STD-810 


DRAWINGS 


Preservation, Methods of 

Interference Measurement, Radio, Methods 
and Limits, 14 Kilocycles to 1000 
Megacycles 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


General Specification, Configuration, Pro¬ 
cess and CHiality Control Requirements for 
Suppliers of High Reliability Articles for 
use in Spacecraft and Supporting Equipment. 


Environmental Test Methods for Aero¬ 
space and Ground Equipment 


NASA/MSC APPROVAL 


NASA 


1010039 

1000286 


Apollo IMJ Temperature Control System, 
Scyematic 

Heater Current Amplifier (MA20A-1) 
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PROCUREMENT SPECIFICATION 
FOR 

IMU BLOWER CURRENT SENSOR (MA2SA-1) 


IMU PLANER CURRENT SENSOR (MA2SA-1) 


| 1. SCOPE 

1.1 SCOPE. This specification establishes the requirements for the pro- 

i curement of the IMU Blower Current Sensor (MA25A-1) hereinafter 

I called sensor. 

I 2. APPLICABLE DOCUMENTS 


Record of Revisions 


revision 

Letter 

TDRR 

No. 

Pages 

Revised 

Approvals 

DATE 

MIT NASA 

A 

01734 

Page 5 
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The purpose of this docunent is to establish the manufacturing and 
test requirements for procurement. The IMU Blower Current Sensor 
(MA2SA-1) is intended for use in the Apollo Guidance and Navigation 
Equipment program. 


% 


This specification consists of Page i to iii and I 

I to 9 inclusive# | 


hit i^wimnrrnN rAimfro 

jZvLA/ r///a 

NASA/MST APPROVAL'/ 


i 

2*1 

The following docunents of the issue in effect on the date of invitation 
for bids form a part of this specification to the extent specified 
herein. 

» 

i 


SPECIFICATIONS 


l 


Military 


i 

i 


MIL-T-27 

Transformers and Inductors (Audio t Power, 
and Pulse) 

> 

1 


MIL-P-116 

Preservation, Methods of 

i 

f 


MIL-I-16910 

Interference Measurement, Radio, Methods 
and Limits, 14 Kilocycles to 1000 Megacycles 

f 


MIL-E-175S5 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 



Apollo GIN 




4 ND-1002023 

Procedure for Serialization of Components, 
Assemblies, etc., for Apollo Guidance and 
Navigation Equipment 



ND-101S404 

General Specification, Configuration, Pro¬ 
cess and Quality Control Requirements for 
Suppliers of High Reliability Articles for 

Use in Spacecraft and Supporting Equipment. 


| 


i 

I 


I 


ii 


1 
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A*J 


VIEW WITH COVER 
REMOVED 


' : Moresi 

' y ‘ ~ L 

t 

a 

A. 

S 

e. 

7. 

a. 


*3 TV BE SELECTED PE /? ATP /000237 AFTEP /U/T/AL eUCAPSULAT/O// 

ftAMZE OF VALUES, FPOM 3* TUPU +KOUMS ///STEPS OF 2JO//MS 

n \>0 FES/STOPS MAY ME USED TO GET A/EEDED. VALUE* PEP PAPT NO* /010363 


IDENT\FY US\NG DRAW\NG NO.,REVISION LETTER, SERIAL UO. AND 

MANUFACTURER* SYMBOL PER MIL -STD - ISO 

ENC AJPSjPL AT E WITH EPOXY PER ND10020SG, CURING CYCLE B 

ASSEMBLY TO MEET ALL REQUIREMENT* OF PS IOOOEB7 

USE SNGO SOLDER PER QQ.-S- 57 I FOR ALL ELECTRICAL CONNECTORS 

USE SN50 SOLDER PER QQ-S-S7\ TO SOLDER COVER ASSV. TO CASE 

Winding res\stancr for acceptance testing between terminals 142-01 omSMAx 

FINISH * VINYL WASH AND Z.INC CHROMATE PRIMER PER MIL-F-GBBS TYPE \ 
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PROCUREMENT SPECIFICATION 
IMU BLOWER CURRENT SENSOR (MA 25A-1) 


SCOPE 

SCOPE. This specification establishes the requirements for tie pro¬ 
curement of the IMU Blower Current Sensor (MA25A-1) hereinafter 
called sensor. 

APPLICABLE nOClM-NTS 

The following documents of the issue in effect on the date of invitation 
for bids form a part of this specification to the extent specified 
herein. 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors (Audio, Power, 

and Pulse) 

MIL-P-116 Preservation Methods of 

MIL-I-16910 Interference Measurement, Radio, Methods 

and Limits, 14 Kilocycles to 1000 Megacycles 

MIL-E-175S5 Electronic and Electrical Equipment and 

Associated Repair Parts, Preparation for 
Delivery of 

Apollo GAN 

i ND-1002023 Procedure for Serialization of Components, 

Assemblies, etc., for Apollo Guidance and 
Navigation Equipment 

ND-1015404 General Specification, Configuration, Pro¬ 

cess and Ouality Control Requirements for. 
Suppliers of High Reliability Articles for 
Use in Spacecraft and Supporting Equipment. 


REV. b 
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VIEW WITH COVER 
REMOVED 


t/oresz 


R3 TO BE SELECTED PEA ATP W00Z87 AFTER /W/T/PL eNCAPSULAT/O/J 
RA/&E OF YAU/ES, FROM 3K TNRU +P 0WmS /U STEPS OF 

TWO EES/STOPS MAY ME USED TO GET WEEDED. YAUJE.- PEP PART ML /0/06 $3 
IDENTIFY l)S\NS DRAW\NG NO.,REVISION LETTER, SERIAL. WO. AMD 
MANUFACTURERS SYMBOL PER M\L-STD-\SO 
ENCAPSULATE. WITH EPOXY PER ND10020SC ,CUR\NG CYCLE B 
ASSEMBLY TO MEET ALL REQUIREMENTS OF PS IOOOEB7’ 

SOLDER/NG OF ELECTR/CAL CONNECT/ONS TO ME. IN ACCORDANCE Pl/TN M/L‘ STD-44-0 
W/TR SN6QWARP& SOLDER REP QQ-S-57/ 

SOLDER COYER ASSEMBLY TO CASE PEP M/L-S- 6&7&A 
W/TN SN50WARPS SOLDER PER QQ->5 ~ 57/ 
tN/UD/MQ RES/STANCE TOR ACCEPTANCE. T1EST/NGI 
TERM/NALS / f 2 0.1 ON M MAX. 

R/N/SN: Y/NYL wash RER M/E- C-/53ZB and Z/NC C**°^ r£ L.£ R J n AAA A 

PER MIL - D - 8585A y PA/NT 3LACP SEN//- GLOSS ENAMEL TT-E- S&9 CLASS O 
COLOR 27036 PER FED. STD 59S 

INTERPRET DRAWING IN ACCORDANCE W/TN STANDARDS 
PRESCRIBED BY NHL-D-703Z7 

, INSULATE ELECTP/CAL COMPONENTS PROM CASE W/TN A 
.007 GRAY F/BER SNEET RER M/L-I- 69SA TYPE P 
R/TM A M/N/MUM D/ELECTR/C STRENGTH OP £SO YOLTS PER M/L 

CENTER 1DENT/P/CAT/ON PLATE OYER POTT/NG NOLE 
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The purpose of this docu we n t is to establish the manufacturing and 
test requirements for procurement • The 1MJ Blower Current Sensor 
(MA2SA-1) is intended for use in the Apollo Q iidan c e and Navigation 
Equipment program* 


This specification consist* of Page i to iii and 
I to 9 inclusive. 
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PROCURE^NT SPECIFICATION 
IMU BLOWER CURRENT SENSOR (MA 25A-1) 


1. SCOPE 

1.1 SCOPE, This specification establishes the requirements for the pro¬ 

curement of the IMU Blower Current Sensor (MA2SA-1) hereinafter 
called sensor. 

2. APPLICABLE DOCIM-NTS 

2.1 The following docunents of the issue in effect on the date of invitation 

for bids form s part of this specification to the extent specified 
herein* 

SPECIFICATIONS 

Military * 

MIL-T-27 


MIL-P-116 
MIL-I-16910 

MIL-E-1755S 

Apollo CM 
ND-1002023 

ND-101S404 


Transformers and Inductors (Audio, Power, 
and Pulse) 

Preservation, Methods of 

Interference Measurement, Radio, Methods 
and Limits, 14 Kilocycles to 1000 Megacycles 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Procedure for Serialisation of Components t; 
Assemblies, etc,, for Apollo Qi idan ce and 
Navigation Equipment 

General Specification, Configuration, Pro 
cess and Ouality Control Requirements for 
Suppliers of High Reliability Articles for 
Use in Spacecraft and Supporting Equijmani. 
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replaces rev a with changes 

AND UPGRADED TO CLASS A, acT 

PER TDRR 03570. ___ 

' / wl^/aco rc/i ro*A os/53 '*-*■*§ 
' REVISED PER TDRR 06073 


2 I 4 

fit 


Vielh/ 3~3 



VIEW WITH COVER 
REMOVEO 



1 ®l~ 


4.40NC-2A REF 



56a I 

t.OJOAASX 


SECTION A-A 


L R3 TO BE SELECTED PER ATP 1000287 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES, FROM IK THRU 4K OHMS IN STEPS OF 20 OHMS TWO 
RESISTORS MAY BE USED TO GET NEEDED VALUE. PER PART NO. 1010694. 

2. IDENTIFY USING DRAWING NO., REVISION LETTER, SERIAL NO. AND 
MANUFACTURERS SYMBOL PER MIL-STD-130. 

3. ENCAPSULATE WITH EPOXY PER NDI002036, CURING CYCLE B. 

4. ASSEMBLY TO MEET ALL REQUIREMENTS OF PSI000287. 

5. SOLDERING OF TERMINALS TO BE IN ACCORDANCE WITH MIL-STD-440, ALL OTHER 
ELECTRICAL CONNECTIONS SOLDER PER MIL-S-6872, WITH SN60WRAP2 SOLDER PER 0Q-S-57I. 

6. SOLDER COVER ASSEMBLY TO CASE PER MIL-8-6872 
WITH SN50WRAP2 SOLDER PER QQ-S-571. 

7. WINDING RESISTANCE FOR ACCEPTANCE TESTING: 

TERMINALS 182 0.1 OHM MAX. 

8. FINISH! VINYL WASH PER MIL-C-15328 AND ZINC CHROMATE PRIMER 
PER MIL-P-8585A, PAINT BLACK SEMI-GLOSS ENAMEL TT-E-529 
CLASS B COLOR 27038 PER FED STD 595. 

9. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED 
BY MIL -D-70327. 

K). INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY 
FIBER SHEET PER MIL-I-695A TYPE F WITH A MINIMUM DIELECTRIC 
STRENGTH OF 250 VOLTS PER MIL 

II. CENTER IDENTIFICATION PLATE OVER POTTING HOLE. 


A/R WIRE_ 

A/R GRAY FIBER SHEET _ 

SCHEMATIC DIAGRAM 

1 DIODE 

2 DIODE _ • 

2 CAPACITOR _ 

2 RESISTOR _ 

I RESISTOR _ 

I TRANSFORMER ASSEMBLY 

I WIRING ASSEMBLY __ 

I CASE ASSEMBLY 

I COVER ASSEMBLY _ 

I PLATE-IDENTIFICATION 


UNUM OTHCMMK VCCtnCO 


UST OF PARTS ANO MATERIALS 


IMU BLOWER 
CURRENT SENSOR 



IOOI627 
1010439-2 
1010497 
10067 ST-IO 
1010693-97 
1010694 
IOOI629 
IOOI628 
1001631 
IOOI632 
' 1001543 
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IMU BLOWER CURRENT SENSOR 


The purpose of this document is to establish the manufacturing and 
test requirements for procurement of IMU Blower Current Sensors for 
use in the Apollo Guidance and Navigation Equipment. 
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PROCUREMENT SPECIFICATION 
FOR 

IMU BLOWER CURRENT SENSOR 


1. SCOPE 

1- 1 PURPOSE. This specification establishes the requirements for the 
procurement of the IMU Blower Current Sensor hereafter called sensor. 

2. APPLICABLE DOCUMENTS 

2- 1 EFFECTIVE ISSUES. The following documents of the issue in effect 
on the date of invitations for bids form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


Military 

MIL-P-116 Preservation, Methods of 

MIL-E-17555 Electronic and Electrical Equipment and 

Associated Repair Parts, Preparation 
for Delivery of 


Apollo G & N 
ND-1002023 

ND-1002059 

ND-1015404 


ND-1002019 


Procedure for Serialization of Components, 
Assemblies, etc., for Apollo Guidance 
and Navigation equipment. 

Qualification Specification, Magnetic 
Amplifiers 

General Specification, Configuration, 
Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Supporting 
Equipment 

Marking, General Specification for 


1 


APOLLO G & N Specification 
PS-1000287-F 

17 OipL 1009. - 

26 Nov. 1963 


STANDARDS 

Federal 

FED-STD-595 Colors 

Military 

MIL-STD-130 Identification Marking of U.S. 

Military Property 

MIL-STD-202 Test Methods for Electronic and 

Electrical Component Parts 


DRAWINGS 

Apollo G & N 

1000287 IMU Blower Current Sensor 

1001629 Transformer Assembly 

(Copies of specifications, standards, drawings, and publications required 
by suppliers in connection with specific procurement functions should be 
obtained from the purchaser or as directed by the contracting officer). 

2-2 CONFLICTING REQUIREMENTS. In the event of conflict between the 
requirements of this specification and other spe ifications and drawings 
cited herein, resolution must be obtained from the MIT Apollo Management 
Office via the purchaser. 


3. REQUIREMENTS 

The requirements of this specification are classified under two 
headings: 

General Requirements which are defined in paragraph 3-2 
and Performance and Product Characteristics which are 
defined in paragraph 3-3. 

3-1 DESCRIPTION. The unit shall be a circuit module designed to monitor 
the current to the IMU blowers by providing an output signal for telemetering 
and to drive an indicating instrument (meter). 
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APOLLO G & N Specification 

PS-1000287-F 

17 Sopfr 10 S3— 

26 Nov. 1963 

3-2 GENERAL REQUIREMENTS. 

3-2.1 Qualification TeBt. When specified by the purchaser, a represent¬ 
ative sample of the sensors shall be manufactured using the methods 
and procedures proposed for the production lot. These shall be submitted 
to the NASA Inspector for qualification test at an activity designated in the 
contract or by the purchaser. 

These qualification tests are conducted to determine whether or not 
the sensors are being produced in compliance with the requirements 
of the contract, specification, and drawings. Failure of the sensors to 
meet these requirements may result in disqualification of the supplier as 
determined by NASA or the purchaser. 

Further production of the item by the supplier prior to approval of 
the purchaser or the completion of the qualification tests shall be a * 
supplier's risk. Requalification will be required at the discretion of NASA 
or the purchaser in the event that: (a) the supplier has modified the item, 

(b) the supplier has instituted a change in the material used or in his 
processing, or (c) the specification requirements for the item have been 
amended or revised sufficiently to affect the character of the item. 

The qualification tests will be conducted in accordance with the 
procedures specified in section 4 of this specification. 

3-2. 2 Requalification Test. When specified by the purchaser, the supplier 
shall submit one or more sensors to be selected from each production 
lot by the purchaser for submission to a designated testing activity to 
determine compliance of the sample (s) with the requirements of the contract, 
specification, and drawings. 

3-2. 3 Materials and Construction. The materials used in fabricating the 
sensors shall be in strict accordance with the applicable drawings and 
specifications referenced herein. Substitute materials shall be selected 
of such quality as to ensure that the equipment will meet the requirements 
of this specification and shall be subject to prior approval of the purchaser. 

3-2.4 Weight, D imensions, Finish, and Marking. The weight, dimensions, 
finish, and marking of the sensor shall comply with the requirements 
specified herein or on the applicable drawings. 

3-2.4.1 Weight. Weight of the sensor shall not exceed ? ounces. 

3-2.4. 2 Finish Finish shall be as specified on the applicable drawing. 
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3-2. 4. 3 Marking. Marking Shall be in accordance with MIL-STD-130 
drtd Specification ND-1002019, and as specified on the applicable drawing. 

3-2 5 Serial Numbers. Each sensor identified by General Arrangement 
(or Assembly) Drawing shall be identified by a serial number assigned 
in accordance with Specification ND-1002023. 


3-2. 6 Workmanship. The fabrication and finish of the sensor, its 
assemblies, suba's"i£mblies, and parts shall be such as to produce a unit 
free from any defect that would affect proper functioning in service. 


3-2. 7 Warranty. A warranty shall provide for the supplier to remedy by 
correction or replacement any component or end item found to be defective 
in material or workmanship not later than six (6) months after acceptance. 
The allowability of the cost of any such correction or replacement shall 
be determined as provided in the clauses of the appropriate contract entitled 
’’Allowable Cost, Fixed Fee and Payment, " and "Inspection and Correction 
of Defects. ” 


3-2.8 Service Life. 

3-2.8.1 Operating Life. The sensor design is intended to meet perform¬ 
ance specifications foFat least 20,000 hours of operating, excluding the 
supplier's test time of the complete unit. 

3-2. 8. 2 Shelf Life. The sensor design is intended to have a shelf life 
of at least 5 years, without operating, at ambient room temperature after 
final acceptance at the supplier's plant. 

3-3 PERFORMANCE AND PRODUCT CHARACTERISTICS. The following 
requirements are stated to inform the supplier of specific characteristics 
and of the goals that were considered in the design. Inclusion of this 
information shall not be construed by the supplier as authorization to 
modify the design. 

If the design of any part is not completely specified by the contractual 
documents, the supplier may submit a uggested design document for 
approval which will support these requit ments. 


If, in the opinion of the supplier, a; y design or testing shall impose 
undue time delay or expense, he shall so state, in detail, m a counter¬ 
proposal, substantiating all contributing factors when submitting a bid, 
proposal, or change request in connection with this specification. 


Requests for changes to or deviations from this specification or 
applicable drawings, specifications, publications, materials, or processes 
specified herein shall be accompanied by written justification. 
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3-3.1 Functional Requirements. 

3-3.1.1 Winding Resistances. DC resistance of the windings shall be as 
specified in Apollo G & N Drawings 1000287 and 1001629. . . 

3-3.1. 2 Dielectric Strength. The sensor shall exhibit no evidence of 
breakdown when subjected to a 500V rms voltage. • • 

3-3.1. 3 Insulation Resistance. The insulation resistance of tne sensor 
shall be 100 megohms minimum. . . 

3-3.1.4 Performance. Performance of the sensor, when connected as 
shown in Figure 1, shall be as follows: 

3-3 1. 4.1 Gain. When operating into a 250K ±3 percent resistive load 
and when aTTto 1.0 ampere, 800 cps current is flowing through the input 
terminals, the unit shall provide an output of 0 to 5 vdc which is linearly 
proportional to the input. The maximum output voltage error siuill not 
exceed *4 percent of full scale over 10 to 100 percent of the output range. 
The unit shall operate as specified after reaching thermal stability with 
the ambient temperature specified in 4. 2.1 and again after reaching thermal 
stability with an ambient temperature of 150° * 5°F. When the ambient 
temperature is returned to that specified in 4. 2.1 and after thermal 
stabilization occurs, the unit shall again operate as specified. 


3-3.1.4. 2 Maximum Output. The output shall be internally limited to 
6. 0 vdc maximum. " ... 

3-3.1. 4. 3 Output Impedance. The output impedance of the unit shall 
not exceed 4, 000 ohms. • 

3-3.1.4. 4 Output Ripple. Output peak-to-peak ripple shall not exceed 
50 mv, ... 
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3-3. 2 Environmental Requirements. The sensor shall be capable of 
meeting the requirements of Specification ND-1002059. When a particular 
requirement of Specification ND-1002059 includes the sensor's capability 
of operation while being subjected to an environment, this shall be construed 
to mean that an output of 2. 5 * 0. 2 vdc shall be maintained under standard 
operating conditions as defined in 6-1.1. 

3-3.3 Design Requirements. 

3-3. 3.1 Interchangeability. Unless otherwise specified, the sensor and 
its component parts shall \>e physically and functionally interchangeable 
without selection or fitting. 

3-3. 3. 2 Reliability. The sensor shall be capable of operating a minimum 
of 20,000 consecutive hours without maintenance under any combination of 
conditions specified herein and shall have a maximum failure rate of 0. 5 
failures per 1, 000,000 hours. 

3-3. 3 . 3. Radio Interference Suppression. The suppression of radio noise 
and interference shall be considered in the design of the sensor. 

3-3. 3. 4 Flammable Materials. Materials which may be ignited or cause 
an explosion shall not be used for construction applications where sparking 
or arcing could cause ignition. Materials which may inadvertently support 
combustion shall not be used. Flammable impregnating, potting or embedding 
compounds, when enclosed in fire-resistance containers, shall be acceptable. 

3 - 3 . 3 . 5 Toxic Materials. Materials which produce harmful toxic effects 
during service usage shall not be used. Where a suitable nontoxic material 
is not available, preventive measures shall be provided, subject to the 
approval of NASA. Materials which when ignited, produce toxic substances 
or vapors shall be avoided whenever practicable. 

3-3. 3. 6 Unstable Materials. Materials which are unstable or become 
unstable to the extent that they emit or deposit corrosive substances capable 
of causing corrosion or producing electrical leakage paths within an assembly 
under possible operating and storage conditions shall not be used during 
manufacture or recommended for use during maintenance. 

3-3. 3. 7 Corrosion, Moisture, and Fungus-Resistant Materials . Materials 
shall be selected for noncorrosive and nonhygroscopic characteristics and 
ability to resist the effects of corrosion, moisture and fungus. Preference 
shall be given to materials with inherent fungus resistance rather than 
reliance upon the application of surface fungistatic or fungicidal treatments. 

3-3. 3. 8 Dissimilar Metals . The use of dissimilar metals shall be avoided 
whenever practicable. Magnesium shall not be used except with prior 
approval of the purchaser or when so called for on the applicable Apollo 
G & N drawings. 
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4. QUALITY ASSURANCE PROVISIONS 

4-1 GENERAL. Unless otherwise specified herein, the supplier is respon¬ 
sible for the performance of all inspection requirements prior to submission 
for NASA inspection and acceptance. Except as otherwise specified, the 
supplier may utilize his own facilities or any commercial laboratory accept¬ 
able to NASA. InsDection records of the examinations and tests shall be 
kept complete and available to NASA as specified in the contract or order. 

The supplier shall conform to Class 1 of Specification ND 1015404. 

4-1.1 Acceptance Tests. These tests shall be accomplished on each 
sensor being submitted for acceptance under the contract. Acceptance 
test data on each unit accepted must accompany shipment to the purchaser. 
Acceptance tests shall be witnessed by the cognizant government inspector, 
a representative of the purchaser, or as the purchaser may direct in the 
procurement order. These tests are detailed in paragraph 4-2. Failure 
of the sensor to comply with these requirements shall result in rejection 
of the item or lot of items. 

4-1. 2 Qualification and Requalification Tests. Qualification and requali- 
fication tests shall be accomplished at a NASA designated activity. These 
tests, as outlined in paragraph 4-3, shall be conducted after the award of 
the contract to determine that the production will meet all requirements of 
this specification. Acceptance shall be based on no defects in the sensor. 

Failure of the sensor to comply with these requirements shall 
result in the rejection of the lot or the cessation of production, as determined 
by the procuring activity. 

4-2 ACCEPTANCE TESTS. 

4-2.1 Test Conditions. Unless otherwise specified herein, the sensor 
shall be subjected to tests under the following ambient conditions: 

Temperature 25 - 10°C 

Relative Humidity Not more than 90% 

Barometric Pressure 28 to 31 in. Hg 

4-2. 2 Test Power. The following electrical inpr f , as measured at the 
input of the unit under test, are necessary for teoting this item: 

28V rms -5 percent, 800 cps *5 percent. 
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4-2. 3 Visual and Mechanical Inspection. A comprehensive inspection shall 
be made*of the sensor to determine the extent of compliance with the require¬ 
ments of this specification and the applicable Apollo G &. N drawing specified 
in Section 2 and shall at least include determination of the following: 

a) Size, dimension, tolerance, weight, appearance and markings. 

b) Adequacy of materials, parts, and subassemblies; compliance 
with specific ratings, and conformance to applicable specifications. 

c) Finish, coatings, construction, markings, and nameplates, as 
applicable.. 

d) Wiring, cabling, welding, soldering, color coding, and terminals, 
as applicable. 

e) Workmanship and cleanup. 

4-2.4 Winding Resistances . DC resistance of the windings shall be tested 
using method 303 of MIL-STD-202 and shall be as specified on Apollo G & N 
drawings 1000287 and 1001629. * 

4-2. 5 Dielectric Strength. Dielectric strength shall be checked by applying 
a 500V rms, 60 cps~voItage between each terminal and the case and a 200V rms, 
60 cps (100 K source impedance) voltage between terminals 1 and 4. The leak¬ 
age current shall not exceed 1. 0 ma. This test shall be conducted in accordance 
with method 301 of MIL-STD-202. 

4-2.6 Insulation Resistance. Insulation resistance shall be checked by 
applying a 300 vdc^voltage (current limited to 6 uamp) between each terminal 
and the case and between terminals 1 and 4. The minimum acceptable resis - 
tance shall be 100 megohms. This test shall be conducted in accordance with 
method 302 of MIL-STD-202. 

4-2. 7 Performance. Performance of the sensor shall be checked as ^ 
follows': The test setup for these tests shall be as specified in Figure 1. 

Unless otherwise specified, switch SI shall be in the open position, and 
S2 shall be in the closed position. 
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4-2. 7.1 Gain. Adjust potentiometer R1 for the input currents specified 
in Table IT ^he corresponding output voltages shall be as specified 
in that taole "'his test shall be performed three times, once in each 
of the following ambient temperatures, in the sequence indicated, after 
the unit attains thermal stability in the ambient temperature: 

(a) The temperature specified in 4. 2.1. 

(b) 150°*5°F. 

(c) The temperature specified in 4. 2.1. 


Table I. Gain 


Input Current-Amperes 
(As indicated on meter Ml) 

Output Voltage - vdc 
(As indicated on meter M2) 

0. 0 (S2 open) 

0.0 ±0.0 

0 1 

0.5 ±0.2 

0.2 

0.4 

1.0 ±0.2 

2.0 ±0.2 

0.6 

3.0 ±0.2 

0.8 

4.0 *0.2 

1.0 

5.0 ±0.2 


4-2. 7. 2 Maximum Output. Adjust R1 for an indication of 1. 5 amperes 
on ML The voltage indicated on M2 shall not exceed 6. 0 vdc. 

4-2. 7. 3 Output Imped ance. Adjust R1 for an indication of 1.0 ampere 
on Ml and note the output voltage (M2). Close switch SI. The output voltage 
shall not decrease by more than 50 percent after SI is closed. 

4-2. 7. 4 Output Ripple. Connect a calibrated oscilloscope in parallel 
with M2. Adjust R1 for the input currents specified in Table I and for 
an input current of 1. 5 amperes. The peak-to-peak ripple shall not exceed 
50 mv for any of these input currents. 

4-3 QUALIFICATION AND REQUALIFICATION TESTS. Qualification and 
requalification tests shall be performed in accordance with Specification 
ND-1002059. When sensor operation is included as a condition in a test 
i- Specification ND-1002059, the sensor shall be operated under standard 
operating conditions (see6.1.1). The output shall be monitored and shall 
be 2. 5 *0. 2 vdc at all times. 
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5. PREPARATION FOR DELIVERY 

5-1 PRESERVATION AND PACKAGING. The sensor shall be preserved 
and packaged in accordance with Specification MIL-E-17555; level B, as 
specified in the contract or purchase order. 

5-1.1 Le vel B (Limited Military Packaging). Level B packaging is that 
which will afford adequate protection against damage during multiple 
domestic shipments, handling, and covered storage. 

5-1.1.1 Cleaning. Cleaning for Level B preservation and packaging shall 
be in accordance with method C -1 of Specification MIL-B-116. 

5-1.1. 2 Unit Protection. The sensor shall be individually afforded unit 
protection in accordance with method III of Specification MIL-P-116. In 
addition, equipment packaged for level B protection shall be sealed against 
water and dust by means of suitable wrapping. 

5-2 REPAIR PARTS. Repair parts shall have preservation and packaging 
per the applicable repair parts list and its packaging supplement. 

5-3 PACKING. The equipment shall be packed in accordance with Speci¬ 
fication MIL-E-17555, level B. 

5- 4 MARKING. In addition to any special marking required by the 
contract or order, the marking of unit, interior packages, and exterior 
shipping containers shall be in accordance with level B of Specification 
MIL-E-17555. 

6. NOTES 

6- 1 DEFINITIONS 

5-1.1 St andard Operating Condition s. For the purposes specified in 3-3. 2 
and 4-3, standard operating conditions shall be defined as operation of 
the sensor with the inputs and test connections specified in Figure 1 with 
the input adjusted to 0. 5 ampere, SI in the open position and S2 in the 
closed position. 
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Notice- When NASA drawings, specifications, or other data 
are used for any purpose other than in connection 
with a definitely related NASA procurement operation, 
NASA thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that NASA may 
have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data 
is not to be regarded by implication or otherwise 
as in any manner licensing the holder or any other 
person or corporation, or conveying any rights or 
permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 
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The purpose of this document is to establish the manufacturing and 
test requirements for procurement. The IMJ Blower Current Sensor 
(MA25A-1) is intended for use in the Apollo Guidance and Navigation 
Equipment program. 
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PROCUREWNT SPECIFICATION 



IMU BLOWER CURRENT SENSOR (MA 2SA-1) 

1. 

SCOPE 


1.1 

SCOPE, This specification establishes the requirements for the pro¬ 
curement of the IMU Blower Current Sensor (MA25A-1) hereinafter 
called sensor. 

2. 

APPLICABLE DOCUMENTS 


2.1 

The following documents of the issue in effect on the date of invitation 
for bids form a part of this specification to the extent specified 
herein. 


SPECIFICATIONS 



Military 



MIL-T-27 

Transformers and Inductors (Audio, Power, 
and Pulse) 


MIL-P-116 

Preservation, Methods of 


MIL-I-16910 

Interference Measurement, Radio, Methods 
and Limits, 14 Kilocycles to 1000 Megacycles 


MIL-E-17555 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Apollo G|N 



< ND-1002023 

Procedure for Serialization of Components, 
Assemblies, etc,, for Apollo Guidance and 
Navigation Equipment 


ND-1015404 

General Specification, Configuration, Pro¬ 
cess and Ouality Control Requirements for 
Suppliers of High Reliability Articles for 

Use in Spacecraft and Supporting Equipment. 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH Ml L"D"70327 

2 . IDENTIFY USING DRAWING NO., REVISION LETTER, 

SERIAL NO. ANO MANUFACTURERS SYMBOL 

PER MIL"STD"130 
3- WINDINGS 

GATE WINDINGS , EACH 
400 TURNS AWG 31 
TERMINALS 7 8 8 

CONTROL WINDINGS, EACH 
36 TURNS AWG 23 
TERMINALS 18 4,283 

BIAS WINDING 
1000 TURNS AWG 39 
TERMINALS 58 6 

4. RESISTORS TO BE SELECTED AT ASSEMBLY 

RANGE OF VALUES, FROM 600 OHMS THRU 800 OHMS EACH 
IN STEPS OF 10 OHMS 

5. ALUMINUM ALLOY 6061" T6 
PER SPEC QQ-A-327 TEMP T6 

6. ENCAPSULATE WITH EPOXY PER NDI002036. CURING CYCLE B 

7. CONTROL AND BIAS WINDINGS SHALL BE COMMON 
WOUND TO BOTH CORES 

B. GLASS FIBER FILLED DlALLYL" PHTHALATE 
PER MIL M*I9833"GDI "30"F* 

9. ASSEMBLY TO MEET REQUIREMENTS OF PS 1000288 

10. BASE TO BE COVERED WITH INSULATING TAPE 
PER MIL-I'19166 

11. TEFLON WIRE TYPE E AWG 26 
PER MIL" W-I6878/4A 

12. USE SNIO SOLDER 
PER SPEC QQ-S-571 

13 BREAK SHARP EDGES .010 MAX 


. WINDING RESISTANCE FOR 
ACCEPTANCE TESTING! 

GATE WINDINGS 4.50HMS±5% EACH 
TERMINALS 78 8 

CONTROL WINDINGS 0.15 OHMS MAX EACH 
TERMINALS 18 4,283 

BIAS WINDING 130 OHMS ±5% 

' TERMINALS 986 

BIAS WINDING PADDING RESISTOR 350 0HMSl20% 
TERMINALS 5 8 10 
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SEE NOTE 12 


SWAGED 



DETAIL A 
SCALE 4/1 
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CONTROL (1 
HEATERS ^ 



SEE NOTE 18 
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ZONE 
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REPLACES REV A WITH 
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CLASS A TDRR 0/399 
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4—(5) BLOWER 


SEE DETAIL 


OVDC BIAS 

RESISTOR 


SCHEMATIC 


notes: 

fw INTERPRET DRAWING IN ACCORDANCE WITH MIL‘D-70327 
, Z, IDENTIFY USING DRAWING NO., REVISION LETTER, 

> SERIAL NO. AND MANUFACTURERS SYMBOL 
i i PER MIL-STD*130 

8 . WINDINGS 

GATE WINDINGS, EACH 
400 TURNS AWG 31 . • „ 

« ' TERMINALS 78 8 

CONTROL WINDINGS, EACH 
36 TURNS AWG 23 
TERMINALS 184,283 

BIAS WINDING 
1000 TURNS AWG 39 
TERMINALS 586 

4. PREHEAT WINDING AND IMPREGNANT TO 250°F 
IMPREGNATE WINDING WITH IMPREGNANT. 

PULL VACUUM OF 10" H« obs 

s BAKE 24 HOURS AT 180° F. 

5. ALUMINUM ALLOY 6061-T6 
PER SPEC QQ-A-327 TEMP T6 

8 . ENCAPSULATE WITH EPOXY PER NDI002036. CURING CYCLE B 

7. CONTROL AND BIAS WINDINGS SHALL BE COMMON 
WOUND TO BOTH CORES 

8 . GLASS EPOXY TUBING TYPE GEE 
PER MIL'P* I8I77B 

8 .ASSEMBLY TO MEET REQUIREMENTS OF PS 1000288 

10. BASE TO BE COVERED WITH INSULATING TAPE 
PER MIL- I-19166 

11. WIPE IMPREGNATION DURING CURE CYCLE 

/ V 18 .SOLDERING OF ELECTRICAL CONNECTIONS TO BE 
IN ACCORDANCE WITH MIL-$TP-440 
WITH SNI0WARP2 SOLDER PER QQ-S-571 

is break sharp edges jo \omax 





"* 1.05 D,A * 

i 

B 



.740 ▲ 

I L 

+ - 0 - 9-1 - 

_L 


14. winding resistance for 

ACCEPTANCE TESTING*. 

GATE WINDINGS 4.4 OHMS ± 15% EACH 

(2.2 OHMS ±15% PARALLEL WINDING RESISTANCE) 

TERMINALS 7 8 8 

CONTROL WINDINGS 0.15 OHMS MAX EACH 
TERMINALS 18 4,283 

. BIAS WINDING 125 OHMS ±15% 

TERMINALS 5 8 6 

15.1/32“ GLASS EPOXY SHEET TYPE GEE 
PER MIL-P-I8I77B 

16. ADJUST RESISTANCE OF BIAS WINDING BY 
WRAPPING EXTRA LEAD OF BIAS WINDING 
AROUND THE PERIPHERY OF THE WOUND REACTOR 

17. BEFORE WINDING, TEMPERATURE CYCLE CORES 
FOR A MINIMUM OF 5 DAYS PER NDI002209, 

CORE MUST MEET REQUIREMENTS OF SCO 1010602 
AFTER TEMPERATURE CYCLING 

18. (9) DENOTES THE SAME INSTANTANEOUS 

POLARITY 

19. FINISH*. VINYL WASH PER MIL-C-15328, 

PAINT BLACK SEMI-GLOSS 
i ! ENAMEL TT-E-529 CLASS B, 

COLOR 27038 PER FED. STD 595 

20. MARK TERMINAL NUMBERS ABOVE TERMINALS 
AS SHOWN, AND IDENTIFYING INFORMATION 

I PER NOTE 2 ON TOP OF REACTOR, 
i PER NDI0020I9 AND ND1002122 
TYPE IT CLASS X 


















































SEE NOTE 12 



EMERGENCY Cl 
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SCALE 4/1 


CONTROL C£ 
HEATERS 
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AFTER 
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SEE NOTE 18 


B REPLACES RFV A WITH 
CHANGES 8 UPGRADED * 
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~ tcvtsep P£* rot* outf~ l/*4* lilL 
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SEE DETAIL 


SECTION A-A 
SCALE 2/1 


(a) ® 

OVDC BIAS 

RESISTOR 


SCHEMATIC 



, INTERPRET DRAWING IN ACCORDANCE WITH MIL”D”70327 
.IDENTIFY USING DRAWING NO-, REVISION LETTER, 

SERIAL NO. AND MANUFACTURERS SYMBOL 

PER MIL”STD"130 

WINDINGS 

GATE WINDINGS , EACH 
400 TURNS AWG 31 
TERMINALS 7 a 8 


. WINDING RESISTANCE FOR 
ACCEPTANCE TESTING*. 

GATE WINDINGS 4.4OHMS 115% EACH 

(2.2 OHMS 115% PARALLEL WINDING RESISTANCE) 

TERMINALS 7 ft 8 


- 20 ° ± 2 ° 

4 PLACES 


- 30® 12® 
4 PLACES 


CONTROL WINDINGS 0.15 OHMS MAX EACH 
TERMINALS I a 4, 28 3 


CONTROL WINDINGS, EACH 
36 TURNS AWG 23 
TERMINALS 18 4,283 


BIAS WINDING 
1000 TURNS AWG 39 
TERMINALS 5 8 6 

.PREHEAT WINDING AND IMPREGNANT TO 250°F 
IMPREGNATE WINDING WITH IMPREGNANT. 

PULL VACUUM OF lO"Hfl obs 
BAKE 24 HOURS AT 180° F. 


BIAS WINDING 125 OHMS ±15% 

TERMINALS 5 ft 6 

15. 1/32** GLASS EPOXY SHEET TYPE GEE 
PER MIL-P”I8I77B 

16. ADJUST RESISTANCE OF BIAS WINDING BY 
WRAPPING EXTRA LEAD OF BIAS WINDING 
AROUND THE PERIPHERY OF THE WOUND REACTOR 

17. BEFORE WINDING, TEMPERATURE CYCLE CORES 
FOR A MINIMUM OF 5 DAYS PER NDI002209, 
CORE MUST MEET REQUIREMENTS OF SCD 1010602 
AFTER TEMPERATURE CYCLING 


SCALE 2/1 
DETAIL OF ITEM 10 


SECTION B'B^ 
SCALE 2/1 
DETAIL OF ITEM 5 


.065 

8 HOLES SP; ~ED AS SHOWN 


18.(■) DENOTES THE SAME INSTANTANEOUS 
POLARITY 


jA/R | IMPREGNANT 


11010687- l~ 


. DIA THRU - 



.ALUMINUM ALLOY 606 I” T6 . 
PER SPEC QU-A-327 TEMP T6 


^ENCAPSULATE WITH EPOXY PER ND1002036. CURING CYCLE B 
’.CONTROL AND BIAS WINDINGS SHALL BE COMMON 
WOUND TO BOTH CORES 


.GLASS EPOXY TUBING TYPE GEE 
PER MIL” P ” 18177B 


19. FINISH*. VINYL WASH PER MIL”C*I5328, 

PAINT BLACK SEMI'GLOSS 
ENAMEL TT-E-529 CLASS B, 

COLOR 27038 PER FED. STD 595 

20. MARK TERMINAL NUMBERS ABOVE TERMINALS 
AS SHOWN, AND IDENTIFYING INFORMATION 
PER NOTE 2 ON TOP OF REACTOR, 

PER ND 1002019 AND NDI002I22 
TYPE H CLASS Z 


REPLACES 


I. ASSEMBLY TO MEET REQUIREMENTS OF PS 1000288 
).BASE TO BE COVERED WITH INSULATING TAPE 


PER MIL* I-19166 


.WIPE IMPREGNATION DURING CURE CYCLE 
». SOLDER INC OF ELECTRICAL CONNECTIONS TO BE 
IN ACCORDANCE WITH MIL”STD-440 
WITH SN10WARP2 SOLDER PER QQ'S”57| 


u 

.045 II 
.040 I \ 



— ;o26 4PLACES REV. A WITH 

j3o dia - changes 

2 HOLES 


PLATE-TOP _ 

WIRE 

WIRE _ 

WIRE __ 

‘ TERMINAL _ 

COVER 

SELF-CLINCHING STUD 
CORE J 

r TAPE __ 

BASE _ 


" 1006711-14" 
- 12 ~ 
1 *2l' 

I0I060I-I 


£E NOTE 151 
5EEN0TE3 9 


SEE N0TE8T 


1010629”! 

1010602 


" SEE NOTE" 
"SEE NOTE^ 
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OR DESCRIPTION 


UNLESS OTHERWISE SPECIFIED 


DIMENSIONS ARE M INCHES 
TOLERANCES ON 

FRACTIONS occmmu ans les 


LIST Of PARTS AND MATERIALS 

SATURABLE 

REACTOR 


IM9TNUM CNTATION 
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13 BREAK SHARP EDGES .010 MAX 
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SCALE 2 / I 
DETAIL OF ITEM I 
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notes: 


1. INTERPRET DRAWING IN ACCORDANCE WITH MIL*D*70327 

2. IDENTIFY USING DRAWING NO., REVISION LETTER, 

* SERIAL NO. AND MANUFACTURERS SYMBOL 

PER MIL-STD-130 

3. WINDINGS 

GATE windings , each 
400 URNS AWG SI 
TERMINALS 7 6 8 


CONTROL WINDINGS 
76 TURNS AW G 27 
TERMINALS I 5k 4 , 


, EACH 

2 a 3 


BIAS WINDING 

10 00 TURNS AWL 39 

TERMINALS b h 6 

4. PREHEAT WINDING AND IMPREGNANT TO 25C 


IMPREGNATE WINDING WITH IMPRLGNANT. 
PJuu VACUUM OF I0"HqObs 
BAKE >5 -Cl -S M N. at ;,()■- f-. 

LOY 606 T6 
w^-A-32" 7 TE'VP T 6 


* M i N 


0 . 


.C AP : 


.ate A ; ’ ‘ 


'.'i 


BIAS W m L 
, Th CORES 


S EPOXY TLB: NG TYPE GEE 
FEN MIL - P - 18! ’’78 

9. a-:pmFi.y Td me-T Rf .UiREMENTS OF PS 10 0 0288 
0. B 4 f rrs - bf C'U^P A i T H INSULATING TAPE 


11. WIPE IMPREGNATION DURING CURE CYCLE 

12. SOLDER'NG OF ELECTRICAL CONN “CHONS TO BE 
t N ;. C <u i \ D A NO l W . . 11 M > ' c • D * ' 4 _ 

WITH SNI0WARP2 SOLDER PER QA-S-57I 


.760 

.740 


14. WINDING RESISTANCE FOR 

ACCEPTANCE TESTING! AT 2o s U‘’C 

GATE WINDINGS 4.4 OHMS ± 15% E AC-H 

(2.2 OHMS 115% PARALLEL WINDING RESISTANCE) 

TERMINALS 7 6 8 


CONTROL WINDINGS 0-15 OHMS MAX EACH 
TERMINALS 16 4, 263 


I 36. CURING CYCLE 6 
COMMON 


BIAS WINDING 125 OHMS ±15% 

TERMINALS 5 6 6 

15. 1/32" GLASS EPOXY SHEET TYPE GEE 
PER MIL-P-181 77B 

16 ADJUST RESISTANCE OF BIAS WINDING BY 
WRAPPING EXTRA i_EAD OF BIAS WINDING 
AROUND THE PERIPHERY OF THE WOUND REACTOR 

17. BEFORE WINDING, TEMPERATURE CYCLt CORES 
FOR A MINIMUM Of 5 DAYS PER ND1002209, 
CORE Must MEET REQUIREMENTS OF SCO 1010602 
AFTER TEMPERATURE CYCLING 

18. (■) DENOTES THE SAME INSTANTANEOUS 

POLARITY 

19. FINISH; VINYL WASH PER MIL-C-i5328, 

PAINT BLACK SEMI GLOSS 
ENAMEL TT-E'529 CLASS B, 

COLOR 2 7 038 PER FED. STD 595 

20. MARK TERMINAL NUMBERS ABOVE TERMINALS 
A c SHOWN AND IDENTIFYING INFORMATION 
PER NOTE 2 ON TOP OF REACTOR, 

PER ND 100201 9 AND NDI002I22 
TYPE IT .CLASS T 

II. v* .* / H t\ '-N. - r F .*• L 1 CN: *> . A „ 5: T- = H, 

P - - 2 R i.. u c f. IR! L r 0 - j !/1 2 - so*.. 


:mU d,a 


w.r- 


.045 

.040 


!* bkfak Sharp edges .010 max 
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(APOLLO IMU BLOWER SPEED CONTROL) 


The purpose of this document is to establish the manufacturing 
and test requirements for procurement of the Saturable Reactor 
(Aoollo IMU Blower Speed Control) which Is intended for use in the 
Apollo Guidance and Navigation Equipment program. 
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Apollo G & N Specification 
PS-1000288“H 

00 May 10 6 3 - 
26 Nov. 1963 


PROCUREMENT SPECIFICATION 
SATURABLE REACTOR 
(APOLLO IMU BLOWER SPEED CONTROL) 


1 . 


1.1 


2 . 


2.1 


SCOPE 

Control) hereinafter called saturable reactor. 


APPLICABLE DOCUMENTS 

The following documents of th ® ls ® u ® 
invitation for bids form a part of t.J.- 
extent specified herein. 


effect on the date of 
specification to the 


SPECIFICATIONS 


Military 

MIL-T-27 

MIL-P-116 

MIL-E-17555 


Transformers and Inductors (Audio, Power, 
and Pulse) 


Preservation, Methods of 


lectronic and Electrical Equipment and 
associated Repair Parts, Preparation for 
. ..._ «<< 


Apollo Q & N 
ND-1002023 

ND-1002047 
ND-1015^0^ 

ND-1002019 


rocedure for Serialization of Components, 
ssemblies, etc., for Apollo Guidance and 


Qualification Specification, Transformers 
and Inductors. 


'neral Specification, Configuration, Pro- 
;ss and Quality Control Requirementsfor 
appllers of High Reliability Articles for 
„_ net F.rmiDment 


Marking. General Specification for 


1 


Apollo G & N Specification 
PS-1000288—1 
■3 0 May 1P S 3 - 
21 Aug 1903 


STANDARDS 

Federal 

FED-STD-595 

Military 

MIL-STD-202 


Colors 

Test Mechods for Electronic and 
Electr cal Component Parts 


DRAWINGS 


Apollo 0 & N 
1000288 


2.2 


3. 


3.1 


3.2 

3.2. 


Saturable Reactor (Apollo IMU Blower 
Speed Control) 


fPonies of specifications, standards, drawings, and publications 
in ejection with specific Procurement 
functions should be obtained from tne procuring activity 
directed by the contracting officer). 

CONFLICTING REQUIREMENTS, an the event of conflict between thC 
requirements of this specification and “peclflcatlons 

and drawings cited herein, resolution must be ob ** llied from 
the MIT APOLLO Management Office via the purchaser. 

REQUIREMENTS 

The requirements of this specification are classified into two 
headings: 

General Requirements which are defined in paragraph 
3.2 and Performance and Product Characteristics which 
are defined In paragraph 3.3. 

DESCRIPTION. The unit shall be ^ s aturable factor power output 

and bias windings. 

GENERAL REQUIREMENTS 

Qualification Testing. When specified by the purchase^ a 

«.-S2S-*!8ra!;- 

grar jsa&rja s 

of the supplier as determined by NASA or the purchaser. 


2 


Apollo G & N Specification 

FS-100U288-H 

25 Nov. 1953 

Further prod ictior. of the item by the supplier prior to approval of the 
purchaser or xhe comrletior of qualification tests shall be at the supplier’s 
risk. ' Requalification will be required at the discretion of NASA or the 
purchaser in the event that. 8/ the supplier has modified the item , b) the 
supplier has instituted a change in the material used cr in his processing, 
and c ) the specification requirements for the item have been amerded or 
revised sufficiently to affect the character of the item. 

The qualification tests will be conducted in accordance with the procedures 
specified ir Section 4. 

3. 2. 2 Fequalificatio n Te sting. When specified by the procuring activity, the 

suT)nTieF sHaT■ subnut one or more saturable reactors to be selected from 
eacn products lot by the procuring activity for submission to a designated 
testing activity to determine compliance of the sample(s) with the require¬ 
ments of the contract, specification, and drawings. 

3 2 3 Materials and Construction. The materials used in fabricating the saturable 
reactor*s r aTTT^iTTi trlbt *Jcordancu with the applicable drawings and speci¬ 
fications referenced herein. Substitute materials shall be selected with such 
quaiitv as to ens re that the equipment will meet the requirements of this 
specification and will be subject ter prior approval of the procuring activity. 

2 2 4 Weirht, Dimensions, Finish, and Mar king . The weight, dimensions, finish, 

a^Tn^GTTE^satumlbleTeactor shall comply with the requirements 
specified herein or on the applicable drawings. 

3. 2 . 4 . 1 Weight. Tie v/eight of the saturable reactor shall not exceed l. 5 ounces. 

3. 2. 4. 2 Finisn. Finish shall be as specified on the applicable drawing. 

3. 2. 4. 3 Marking. Marking shall be in accordance with Specifications MIL-T-27 and 
ar.d as specified on the applica ale drawing. 

3 2 5 Serial Numbers. Each saturable reactor identified by General Arrangement 

Tor A 3 semblyF.Drawing shall be identified by a serial number assigned m 
accordance wi.h Specification ND-1002u23. 

3 2 f, Workmanship. The fabrication and finish of the saturacle reactor, its 
assemblies, subassemblies, and parts shall be such as to produce a unit 
free from any defect trat would affeer. proper functioning in service. 


3 . 2.7 


3 . 2.8 

3 . 2 . 8 . 1 


3 . 2 . 8 . 2 


3.3 


3 . 3 . 1 


3 . 3 . 1 . 1 


3 . 3 . 1.2 


Apollo G&N Specification 
PS-10000288-H 
30 May 10 6 3 - 

"M A in 


26 No'/. 10^3 

Warranty A warranty shall provide for the supplier to 
remedy "by correction or replacement any component or 
end item found to be defective in material or workmanship 
not later than six (6) months after acceptance. 


The allowability of the cost of any such correction or replace- 
mpnt shall be determined as provided in the clauses of 
appropriate contract entitled "Allowable Cost, Fixed Fee and 
Payment", and "Inspection and Correction of Defects . 


Service Lif e 

Operating Life The saturable reactor design is intended to 
meet performance speciucations for at least 20,000 hours 
of operation, excluding the supplier's test time of the completed 


Shelf Life The saturable reactor design is intended to have a 
shelf life of at least 5 years, without operation, at ambient 
room temperature after final acceptance at the supplier s 
plant. 


PERFORMANCE AND PRODUCT CHARACTERISTICS. 

The following requirements are stated to inform the supplier of 
specific characteristics and of the goals that were considered in 
the design. Inclusion of this information shall not be construed 
by the supplier as authorization to modify the design. 


If the design of any part is not completely specified by the con¬ 
tractual documents, the supplier may submit a suggested design 
document for approval which will support these requirements. 


If, in the opinion of the supplier, any design or testing shall 
impose undue time delay or expense, he shall so state, in detail, 
in a counter-proposal, substantiating all contributing factors 
when submitting a bid, proposal, proposal, or change request 
in connection with this specification. 


Requests for changes or deviations to this specification or to 
applicable drawings, specifications, publications, materials, or 
processes specified herein shall be accompanied by written 
justification. 


Functional Requirements 

Winding Resista nces. DC resistance of the windings shall be as 
specified on Apollo G&N Drawing 10000288. 

Dielectric Strength. The saturable reactor shall exhibit no 
evidence of breakdown when subjected to a 500V rms voltage. 


Insulation Resistance. The insulation resistance of the saturable reactor 
shall be 100 megohms minimum* 
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3.3.1.4 

3.3.2 

3.3.3 

3.3.3.1 

3.3.3.2 

3.3.3.3 

3.3.3.4 

3.3.3.5 

3.3.3.6 

3.3.3.7 

3.3.3.9 


Performance. Linear output 'range and linearity of output shail be 
as spec ' lTi ed in Figure 1 when the saturable reactor is tested in . 
accordance with 4.2.7. 

Rnvl-ronraental Requirements. The saturable re_aeto«i_shan be capable 
of meeting the requirements of Specification ND-1002047, excep- 
that the Temperature Cycling teat shall be non-operating only. 

Design Requirements . 

Interchangeability. Unless otherwise specified, the saturable 
reactor and its ‘component parts shall be physically and functionally 
interchangeable without selection or fitting. 

Reliability. The saturable reactor shall be capable of °P e £®^ ng 
a minimuhTof 20,000 consecutive hours without maintenance under 
any combinations of conditions specified herein and shall have a 
maximum failure rate of 0.5 failures per 1,000,000. 


>ression. The suppression of radio noise 
be consi dered in the design of the saturable 


Radio Inte rference Suppression. 
and 'Interference shall be consi 
reactor. 

Flammable Materials. Materials which may be ignited^orjausejn 
explosion shall ' noE be used for construction applications where 
sparking or arcing could cause ignition. Materials which 
inadvertently support combustion shall not be used. 
impregnating, potting or embedding compounds, when enclosed 1 
fire-resistant containers, shall be acceptable. 

Materials. Materials which produce harmful toxic ef fec *®_ 4 _ 
during serv ice*" u sage shall not be used. Where a suitable nontoxic 
material Is not available, preventive measures shall be P™^ d ® d * 
subject to the approval of NASA. Materials wh ® n lK n * ted * 

produce toxic substances or vapors shall be avoided whenever 
practicable. 

PnRt.nhi e Materials. Materials which are unstable or become un- _ 
stable to the extent that they emit or deposit corrosive substances 
capable of causing corrosion or producing electrical leakage Paths 
within an assembly under possible operating and storage conditions 
shall not be used during manufacture or recommended for use during 
maintenance. 

Corrosion. Moisture, and y ung us -Resistant Materials. Materials 
shall be selected for noncorrosive and nonhygroscoplc character¬ 
istics and ability to resist the effects of corrosion, moisture 
and fungus. Preference shall be given to materials with Inherent 
fungus resistance rather than reliance upon the application o r 
surface fungistatic or fungicidal treatments. 

Dissimilar Metals. The use of dissimilar metals shall beavolded 
wheneverpractT cable. Magnesium shall not be used «?ept with the 
prior approval of the procuring agency or when so called -or on 
the applicable Apollo G le N drawings. 
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CONTROL CURRENT - AMPERES DC 


30V * ±$ BIAS 

Input: 29.4V rms - \1» 
Load: 59 ohnu* - 
Freq: 800 cps - 1$ 
Ambient Temp: 7CP±5° P 


25V * 1% BIAS 
Input: 26.6V rms * rf l# 

P 


Load: 73 ohms - *5 
Freq: BOO cps ±1> 
Ambient Temp: 7C Pf 5° 


Figure 1. 


Linear Output Range and Linearity 
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4. QUALITY ASSURANCE PROVISIONS 

4 1 GENERAL, Unless otherwise specified herein, the supplier is res¬ 
ponsible for the performance of all inspection requirements 
to submission for NASA inspection and acceptance. Except as other¬ 
wise specified, the supplier may utilize his own facilities or any 
commercial laboratory acceptable to NASA. Inspection records of 
the examinations and tests shall be kept complete and a ^ilable 
to NASA as specified in the contract or order. The supplier shall 
conform to Class 1 of Specification ND-1015404. 

4.1.1 Acceptance Tests. These tests shall be accomplished on each_ 

saturab 1e r e ac To r being submitted for acceptance under the contract. 

Acceptance test data on each unit accepted must accompany 

to the purchaser. Acceptance tests shall be wl £ n ®®®®^ 

nizant government inspector, a representative of the P u £?£ a ®®£» 

as the purchaser may direct in the procurement order. These tests 

are detailed in 4.2. Failure of the saturable 

with these requirements shall result in rejection of the item. 

4.1.? Qualification and Requalific ation Tests . Qualification and ^Re- 
qualiiTca TT o n te'sts~WalT^e accomplisnea at a NnoA aesignctcd 
activity. These tests, as outlined in 4.3, shall be conducted 
after the award of the contract to determine that the production 
will meet all requirements of this specification. Acceptance 
shall be based on no defects in the saturable reactor. 

Failure of the saturable reactor to comply with these retirements 
shall result in the rejection of the lot or the cessation of pro¬ 
duction, as determined by the purchaser. 

4.2 ACCEPTANCE TESTS 

4 ? 1 Test Conditions. Unless otherwise specified herein, the saturable 
* * waotw Bhair Tfc subjected to tests under the following ambient 
conditions s 


(a) Temperature 

(b) Relative Humidity 


25 + 10 0 

Not more than 90$ 


4.2.2 


(c) Barometric Pressure 28 to 3t Inches Hg. 

Test Power. The following electrical input, as measured at the 
Incut §f l h e unit under tSst. is necessary for testing this item: 
26^6 to 29.4V rms adjustable, 800 cps +1 percent, single phase, 

5 percent maximum harmonic distortion/T.0 va maximum power. 
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4 2 3 Visual and Mechanical Inspection. A comprehensive inspection shall oe 
rna-3c drtnTsaTurcEIe reactor tolTe+ermine the extent of compliance wife 
the requirements oi this specification and the applicable Apollo G & N 
drawing specified in Section 2 and shall at least include determination on the 
following: 

a) Size, dimension, tolerance, weight, appearance and marKings. 

b) Adequacv of materials, parts, and subassemblies; compliance 
with specific ratings, and conformance to applicable specifications. 

c) Finish, coatings, construction, markings, and nameplates, as 
applicable. 

d) Wiring, cabling, welding, soldering, color coding, and terminals, 

as applicable. 

e) Workmanship and cleanup. 

4. 2. 4 Winding Resistances. Winding resistances shall be tested by using 
method 303 of MlL^STD-202 and shall be as specified on Apollo G N 
di awing 1000288. 

4 2. 5 Dielectric Strength. Dielectric strength shall be checked by applying a ^ 

5CCV rms, 60 cps'voltage between each terminal and the case and a 200 V rins, 
60 cps (100 K source impedance) voltage between the terminals specified in 
Table I. The leakage current shall not exceed !. 0 ma. This test shall be 
conducted in accordance with method 201 of MIL-STD-202. 


Table I. Dielectric Strength and Insulation Resistance 


Between Terminals 

Between Terminals 

7 arid 1 

1 and 2 

7 and 2 

1 and 5 

7 and 5 

2 and 5 


4 2 S Insulation Resistance. Insulation resistance shall be checked by applying a 
300 vdc voltage (current limited to 6^amp) between each terminal and tne 
case and between the terminals specified in Table I. The minimum acceptable 
resistance shall be 100 megohms. This test shall be conducted in accordance 
with method 302 of MIL.-STD-202. 

4 2 7 Performance. With the test setup specified in Figure 2, linear output range 
and linearity"of output shall be checked by performing the following steps m 
the sequence indicated: 

a) Set switch S-l at position "l”. 

b) Adjust load resistor Rr to 73 ohms ±0.1 percent. 

c) Adjust line voltage to 26. 6 V rms ± 1 percent. 

d) Adjust frequency of line voltage to 800 cos 1 percent. 

e) Adjust ambient temperature to 70 ± 5 F. 
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800 CPS + 1% 


Total resistance of resistor "Re" 
plus ammeter "A" * 15. 5 ohmrf*+ 1% 

"A" = 0-2 DC AMMETER, 0.1%ACCURAQf 

"V H .« J. FLUKE AC DIFFERENTIAL 
VOLTMETER MODEL 803 
OR EQUIVALENT 

"IL M * 280 ohms - 0.1%. 3W min., 

® wirewound resistor 


Figure 2. Test Setup 


Apollo G & N Specification 
PS-1000 288-J 
SO l i u i . 1068— 

25 Aug. 1964 


4.3 

4.4 


f) Adjust bias voltage to 25 V ±1 percent. 


2 > 


li) 

i) 

j) 

k) 


( E tabiliration5 the output current shall be within the Un.it. spectftcd 
in Figure 1. 

Th 7 pa 

zs sar.ffjsss - s • 

specified in Figure 1. 

Insert load resistor (Rl> » f S9 oh 1118 ± °- 1 percent ‘ 

Adjust Une voltage to 29.4 V rms 11 percent. 
m > Adjust frequency of line voltage to 800 cps ± 1 percent, 
n) Adjust bias voltage to 30 V ±1 percent. 

- *^^S&!aSSBZS'-’£S' 

specified in Figure 1. 

asssass m as saBasa*' " Z 

in Figure 1. . 

-max IFICATION AND REQUALIFICATION TESTS. Qualification and re- 

SIID-1002047Z (Txt’ept^hat'the^Temperatur^Cycling'tes't^hall^xe performed 

R 0 ELW P BIUW. 0nl The cal^eff” tal^ 

specification are design objectiv . ^ P for ;he sup piier to dernon- 

st^^hi^corrpU^ce wtth tire MquirernenL ^\railable*'fo I r e^ablZshirg the 

ment of the reliability objectives specified. 


P> 

q> 
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5. 


5.1 


5.1.1 


5.1.1.1 

5.1.1.2 


5.2 


5.3 


5.4 


6 . 


PREPARATION FOR DELIVERY 

PRESERVATION AND PACKAGING. -The saturable reactor shall be pre¬ 
served and packaged in accordance with Specification MIL-E-17555, 
level B, as specified in the contract or purchase order. 

Level B (Limited Military Packaging). Level B packaging is that 
which will a f for d adequate protection against damage during 
multiple domestic shipments, handling, and covered storage. 

Cleaning. Cleaning for Level B preservation and packaging shall 
be in a ccordance with method C-l of Specification MIL-P-llb. 


Unit Protection. The saturable reactor shall be individually 
afforded unit' protection in accordance with method III of 
Specification MIL-P-116. In addition, equipment packaged for 
level B protection shall be sealed against water and dust by means 
of suitable wrapping. 

REPAIR PARTS. Repair parts shall have preservation and packaging 
per the applicable repair parts list and its packaging supplement. 

PACKING. The equipment shall be packed in accordance with 
Specification MIL-E-17555, level B. 

MARKING. In addition to any special marking required by the 
contract or order, the marking of unit, interior packages, and 
exterior shipping containers shall be in accordance with level B 
of Specification MIL-E-17555* 


NOTES. 

NOTICES When NASA drawings, specifications, and other data are 
used for any purpose other than in connection with a definitely 
related NASA procurement operation, NASA thereby incurs no 
responsibility nor any obligation whatsoever, and the fact that 
NASA may have formulated, furnished, or in any way supplied the 
said drawings, specifications, or other data is not to be re- 
garded by implication or otherwise as in any manner licensing the 
holder or any other person or corporation, or co ? ve £;* g 
or pemission to manufacture, use or sell any patented invention 
that may in any way be related thereto. 
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CONTROL CURRENT - AMPERES DC 


30V * 1 i BIAS 

Input: 29.4V nos - 1 $ 
Load: 59 ohms X l£ 
Freq: 800 cps - 1$ 
Ambient Temp: 7 CP- 3 0 F 


25V * 1* BIAS 

Input: 26.6V ras * ljl 
Load: 73 ohms t x 5 
Freq: 800 cps i 1% 
Ambient Temp: 7CP^5° F 


Figure 1. 


Linear Output Range and Linearity 
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PROCUREMENT SPECIFICATION 
SATURABLE REACTOR 
(APOLLO IMU BLOWER SPEED CONTROL) 


1 . 


1.1 


2 . 


2.1 


SCOPE 

SCOPE. This specification establishes the requirements for the 
procurement of the Saturable Reactor (Apollo IMU Blower Speed 
Control) hereinafter called saturable reactor. 

APPLICABLE DOCUMENTS 

The following documents of the Issue In effect on the date of 
invitation for bids form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS 


Military 


MIL-T-27 


MIL-P-116 

MIL-E-17555 

Apollo G & N 

ND-1002023 


ND-1002069 
ND-1015^04 


ND-1002019 


Transformers and Inductors (Audio, Power, 
and Puls:) 

Preservation, Methods of 

Electronic and Electrical Equipment and 
Associated Repair Parts, Preparation for 
Delivery of 


Procedure for Serialization of Components, 
Assemblies, etc., for Apollo Guidance and 
Navigation Equipment 

Qualification Specification, Magnetic 
Amplifiers”. 

General Specification, Configuration, Pro¬ 
cess and Quality Control Requirements for 
Suppliers of High Reliability Articles for 
Use in Spacecraft and Supporting Equipment 

Marking, General Specification for 
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3.3.1.4 


3.3.2 

3.3.3 
3.3.3.1 


3.3.3.2 


3.3.3.3 

3.3.3.4 


3.3.3.5 


3.3.3.6 


3.3.3.7 


3.3.3.8 


Performance. Linear output range and linearity of output shall be 
as specfiT ed in Figure 1 when the saturable reactor is tested in 
accordance with 4.2.7. 

Environmental Requirements. The saturable reactow shall be capable 
of mee't'Ing t'he* requirements of Specification ND-1002C59„ except 
that the Temperature Cycling test shall be non-operating only. 

Design Requirements . 

Interchangeability. Unless otherwise specified, the saturable 
reactor and l ' fs " c o m ponent parts shall be physically and functionally 
Interchangeable without selection or fitting. 

Reliability. The saturable reactor shall be capable of operating 
a mInImum”of 20,000 consecutive hours without maintenance under 
any combinations of conditions specified herein and shall have a 
maximum failure rate of 0.5 failures per 1,000,000. 

Radio Interference Suppression. The suppression of radio noise 
and Interference" shall cc considered In the design of the saturable 
reactor. 

Flammable Materials. Materials which may be ignited or cause^an 
explosion shall" no E be used for construction applications where 
sparking or arcing could cause Ignition. Materials which 
inadvertently support combustion shall not be used. Flammable 
impregnating, potting or embedding compounds, when enclosed in 
fire-resistant containers, shall be acceptable. 


Materials. Materials which produce harmful toxic ef fect ®__, _ 
during service usage shall not be used. Where a suitable nontoxic 
material is not available, preventive measures shall be provided, 
subject to the approval of NASA. Materials which, when ignited, 
produce toxic substances or vapors shall be avoided whenever 
practicable. 


Unstable Materials. Materials which are unstable or become un- 
stable to the"extent that they emit or deposit corrosive substances 
capable of causing corrosion or producing electrical leakage paths 
within an assembly under possible operating and storage conditions 
shall not be used during manufacture or recommended for use during 
maintenance. 


Corrosion. Moisture, and *ungus-Res.lstant Materials . Materials 
shall b" selected for noncorrosive and nonhygroscopic character¬ 
istics and ability to resist the effects of corrosion, moisture 
and fungus. Preference shall be given to materials with inherent 
fungus resistance rather than reliance upon the application o^ 
surface fungistatic or fungicidal treatments. 


Dissimilar Metals. The use of dissimilar metals shall be avoided 
whenever practicable. Magnesium shall not be used except^wlth the 
prior approval of the procuring agency or when so called .or on 
the applicable Apollo 3 1 N drawings. 
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4.3 


4.4 


f) Adjust bias voltage to 2b V ±1 percent. 

2 > 


it CPUS* Ultio YW* *- * 

stabilization) l *the output current shall be within the limits specified 
in Figure 1. 


The output 


h> Current < shali*be 1 wlthin^the^bmit s a 8p^ifte^n C Ftgu , re n i. ^ ' 

» ^^fas^tr^t ‘ 

specified in Figure 1. 

j) Insert load resistor <R L > of *9 ohrr.s ±0.1 percent. 

k) Adjust Une voltage to 29.4 V rras * 1 percent. 

m> Adjust frequency of line voltage to 800 cps ± 1 percent, 
n) Adjust bias voltage to 30 V * 1 percent. 

specified in Figure 1. 

in Figure 1. • , . 

CHAT IFICATION AND REQUALIFICATION TESTS. Qualification and re- 

SiD-iootosS? exceV^t'l^Tem,^^^ 

reliability re 1—s^^ cal^dTr KT" 
specification aredesignobjectiv . £ fo r ihe y supplier to demon¬ 

procurement cortract, it shall "<* “V t T y he supp iier shall furnish the 
strate his compliance with the r q • llable for establishing the 

purchaser or NASA such data as ne ^ -have »"“* accumu lated to 

current reliability of these crits Adait onal ^aU ^ 1 ^ Qther 

ment of the reliability objectives specified. 
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Suppliers of High Reliability Articles for 
Use in Spacecraft and Supporting Equipment 









































































<#M-“5- -; 

]-: * ■"'> 


a 


.s 

$ 


1:* -• ; 


J- 

■ i. -, 


i 


1 : 


It- 




r*! 


Ikl 


! • 




± 


“I|^^A.M°0 THRU 


1500— 1 



—---—Z.5C 

--—12 50—-— 

XJ ■ — 

L 

:£50 
, BSC 




ZA 







7^ 

_ 



ZS 

7 



- 


--——-2.000 

1.000 BBC —«r 

bsc:--»■ 



MINOR DIA MOD THRU 
C’SK ©5° - 5* TO r|j*DIA 


taj-:oio DIA 1 


| REVISIONS || 

ZONE 

SYM 

DESCRIPTION 

DATE 

APPROVAL || 


A 

2.000 MTG HOLE DIM WAS 1.875 





_b: 

1.250 DIM WAS L125 . 

2 500 •• _ •• 2-250 ."" 


.'- 



sr 

’.is? DlAk was J^dia ..“ 

-0.010 DIA WAS -0- .005 DIA. 




— 

:d 

REVISED <* RELEASED . 

IOHAK44 



TDRR 07003 


'I2® DIA THRU 


2HOLES 


LOOS DIA 


.156 R 
Z PLACES 



r-r.500 


1.445 : 

1.500 : 


NOTES 

I. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 
Z. BREAK ALL SHARP EDGES -^1 
S 63/ MACHINE FINISH ALL OVER 

_4:~aut radii ;S5S. r unless otherwise specified 


DRAWING NO.,REVISION LETTER AND 
MANUFACTURERS SYMBOL PER ND 1002019 ~ 

6. ANODIC COAT PER MIL-A-BC.Z5 TTPE 1, CLEAR 

7. CONFIGURATION < DIMENSIONS CONTROLLED BY Ti r LlI 

: xcd mhoi-oioos-hg : .: •• •—:~ 


QTY. 

NOMENCLATURE 

PART OR 

SPECIFICATION 

MATERIAL 

FINO 

REQO. 

OR DESCRIPTION 

IDENTIFYING NO. 

OR NOTES 

NO. 


.. .L- 


1001591 


application 


UNLESS OTHERWISE SPECIFIED 


DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANGLES 

- ±.005 - 


DO NOT SCALE THIS DRAWING 


MATERIAL: fcOGl ,T Q> 

ALT SPEC QQ-A-327B 


LIST OF PARTS AND MATERIALS 


M 1 T 

INSTRUMENTATION 

CONTRACT 

NAS 9153 1 

LAB 

"SatT 

APPROVED 

MwHf 


CHECKED 

ft 


DRAWN ^ \ 


S-2J-63 

fs 


MIT/IL APPROVAL 

DATE 




BRACKET 


{coolant line} 


SCALE 

e/i 


1 


INCHES 

1 * 1 -* ! 1 1 * j 


0 I 2 

I PHOTOGRAPHIC SCALE ONLY 

s _----- 


UNIT WT. 


CODE IDENT. 


- MIT "- 

INSTRUM ENT ATION 
LABORATORY 

CAwmoaK. Mam. 


MANNED 

SPACECRAFT CENTER 
HOUSTON TEXAS 


NASA DRAWING NO. 


1000292 . 


SHEET ] OF \ 


m. vi 




KL. *. u 




aK l 


hu ■: hi 

; 




. 1 
| 


ft;. i 




» i- 


• - “ 6 ■ 

I;. \FjfV 

::: ;m 


















































































































































































3 


2 


ZONE SYM 


REVISIONS TPRK OIBO^ 


DESCRIPTION I DATE I APPROVAL 


CHARACTERS* TO BEL 
3 PLACES 


4 PLACES 


CHARACTERS TO BE. ‘Jlj^ 
7 PLACES 


-•120 DIA 
.130 

A HOLES 

1^.010 D1A.I 


2.750 BSC 


isa 

ir 


Unertial Meas. Unit 

FOR APOLLO G t N SYSTEM 

DESIGNED BY 

M.IT INSTRUMENTATION LAB 


MFD.BY p 
NASA-MSC- 
NASA NO 


:o7z 

.052 

BORDER 



L .557 

.567“ 

.870__ 

.880 

363___ 

373 

_ I.2GO__ 

1.270 


m .432 \ m _1.260 _ 

.442 J.27Q 

. ..._1.731 __ 

1.80V 

__2.026_ 

USIQXE5 2.0 3G 

1. INTERPRET DRAWING IN ACCORDANCE WITH M1L-D-70327 

2. PLATE MUST CONFORM TO REQUIREMENT S AS OUT LINED IN 
MIL-P-15024, TYPE A OR TYPE H 

3. ANODI2E PER MIL-A-BG25,TYPE 2 EXCEPT EDGES 

4. BACKGROUND TO BE BLACK, MARKING AND LETTERING-TO BE 
NATURAL. METAL r 

5. WHERE LOCATING? DIMENSIONS ARE NOT SHOWN, CHARACTERS._ 

1 SHALE BE SYMETRICALL.Y POSITlONED AT THE INDICATED LOCAT ION 
G. IDENTIFY! USING DRAWING NO.,REVISION LETTER,AND MANUFACTURERS 
SYMBOL. PER MIL-STD-ISO ON FAR SIDE OF TV ATE 
7 FOR MASTER DRAWING „SEE. 1000237 


NOMENCLATURE 
OR DESCRIPTION 


PART OR 
IDENTIFYING NO 


SPECIFICATION 


MATERIAL 
OR NOTES 


UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANGLES 


_DLIOOOOOI DO NOT SCALE THIS DRAWING 

1000201 ~ DL10002(57 material AL ALY SH,ltOQ 

NEXT ASSY USED ON TEMP 

APPLICATION ALT : SPEC QQ-A-5GV,TO 


M 1 T 

INBTNU MENTATION LAB 
CONTRACT 


NAS 9-153 

"DATr 

AM»ROVEl£< 

Ufa***- 

7-l'b 3 

CHECK CO 



DRAWN 

R.S-.S. 


|t3 

^7^ 

MIT/IL 

APPROVAL 

DATE 

wiL 


4s- > 


LIST OF PARTS AND MATERIALS 

" PL/kT^.. 
IDENTIFICATION . 

ALE I UNIT WT. I CODE IDENT. 


INSTRUMENTATION 

LABORATORY 

CAMiMoti. Mam. 


MANNED 

SPACECRAFT CENTER 
HOUSTON TEXAS 
NASA DRAWING NO. 

1000296 

SHEET 1 OF | 






PHOTOGRAPHIC SCALE ONLY J J 












































!' v 




: • "1 


\ ' V, 





i 



REVISIONS 

TPRR. o/s<=»2_ 

ZONE | SYM | 

DESCRIPTION 

| DATE | APPROVAL 


*.!': 

-II. • 




J! r 

ii; 


it -. 

;{f- 
-' & 
r^U 




M 


3.000 ref;. 


1.937 

.REF 


Inertial Meas. Unit 

FOR APOLLO GEN SYSTEM 

DESIGNED BY 

M.I.T. INSTRUMENTATION LAB. 


12 


MFD. BY 
NASA - MSC - CO NT 
NASA NO. _ 

U 




IMU 


±. 002 . 


1.000* 
PHOTO 
DIMENSION 


^ 1.002 


1 . 000 * 
PHOTO 
DIMENSION 


NOTE: 

!. THE ORIGINAL OF THIS DRAWING OR ANY REPRODUCTION THEREOF 
' SHALL fi>E MADE DT A METHOD OR PROCESS WHICH WILL INSURE 
DIMENSIONAL STABILITY AS AN ACCURATE TEMPLATE TO £>E 
USED TO PRODUCE IDENTIFICATION PLATE 1000296 
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motes: 

L INTRPRET DRAWING IN ACCORDANCE WITH MIL D 70327 
2. AVOID SCRATCHING MATERIAL WHEN LOCATINS BLANK 
1 MATERIAL'. ROLL BONDED SHEET PER I00I4G3 

(PRE HYDROEOKMED PATTERN LAYOUT ROLL-BONDED HEMISPHERICAL CASE'I 













































IJFLATION ~'J9E PASSAGE 



NC "ES ' 7 IDFNTIFY USING DWG NO ,REV LETTER AND MANUFACTURERS 

i. MATERIAL. : ROI L BOMJFD Sheet HlR COI463. SYMBOL AT THt INDICATED LOCATION reft Ni,' !•: — - It* 

(PRC WDROFORMED PATTERN LAYOUT ROLL -BONDED HEMGHhERiCAl CASE) 

?. INTERPRET LV.G IN ACCORDANCE W !T H D - ?C3D?. 

3. FNSH A^ FORMED UNLESS OTHERWISE SPECIFIED 

4. BREAK Ai i. SHARE EDGES ^tf ■ 

5. ORDER OE OPERATIONS: 

o. LOCATE HYDROFORMING BLANK PER 1000298 SHEET w l 
b. HYDROFORM 

C. ANNEAL PER MIL-H-6088C. BRINELL HARDNESS NOT TO EXCEED 35 (500-K 9 LOAD, 

10-MM BALL)CHECK AT INDICATED LOCATIONS 
d INFLATE ROLL BOND PASSAGES USING A DRV GAS AT 1000/1050 ^SIG INCREASE 
PRES' - FROMOPSIG TO 1000 PSIG ATAMA/IMUM RATE OF 500 PSIG/W1N. . 

e. DR!l. h r : IMMEDIATELY AFTER INFLATION TC RELIEVE SAS PRESSURE. 

f. «E-AMN£A TO RELIEVE WORK HARDENING PER MIL-H-6068. 

B A LINE (A-A) PASSING THROUGH THE CENTER OF'THE HEMISPHERE PERPENDICULAR TO 
[PLA NE A shall BE WITHIN ± OF INTERSECTING THE CENTER OF THE HYDRO FORMING 
BLANK (SEE SHEET**!) 
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motes: 

l INTERPRET DRAWING IN ACCORDANCE WITH NML-D-70SZ7 
2. AVOID SCRATCHING MATERIAL WHEN LOCATING BLANK 
1 MATERIAL*. ROLL BONDED SHEET PER IOOI4GS 

(PRE HYDROFORMED PATTERN LAYOUT ROLL-BONDED HEMISPHERICAL CASE'i 


































































NOTES: 

1. MATERIAL : ROLL BOTCED SHEET PER 1004463. 

(PRE H/OROFORMED PATTERN LAYOUT ROLL-BONDED HEMSPHERICAL CASE) 

2. INTERPRET DWG IN ACCORDANCE WITH ML- D - 70327. 

3. FNSH AS FORMED UNLESS OTHERWISE SPECIFIED 

4. BREAK ALL SHARP EDGES ;§?| • 

3. OROEROF OPERATIONS: _ 

0 . LOCATE HYDROFORMING BLANK PER 1000298 SHEET 

B. HYDROFDRM 

C. ANNEAL PER MHL-H-6088C. BRINELL HARONESS NOT TO EXCEED 35 (500-K 9 LOAD, 
10-MM BALL)CHECK AT INDICATED LOCATIONS 

4 . INFLATE ROLL-BOND PASSAGES USING DISTILLED WATER 
' •. DRILL HOLES IMMEDIATELY AFTER INFLATION TO RELIEVE PRESSURE AND TO 
* FACILITATE FLUSHING 8 CLEANING OF THE PASSAGES 

f. FLUSH PASSAGES USING DISTILLED WATER,STEAM,THEN AIR. FURNACE DRY AT 
I50®F (*I0®F) FOR 2 H0URS(±I5MIN) 

*• A LINE (A-A) PASSING THROUGH THE CENTER OTTHE HEMISPHERE PERPENDICULAR TO 
(PLANET! SHALL BE WITHIN OF INTERSECTHK THE CENTER OF THE HYDROFORMING 

BLANK (SEE SHEETED ' . . a. 


7. IDENTIFY USING DWG NO.,REV LETTER AND MANUFACTURERS 
SYMBOL AT THE INDICATED LOCATION PER NQ 1002019 
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SURFACE 0 


NOTES: 

I. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MM.-D-7032 7 
Z. MATING FEMALE PLUG TO BE FULLY ENGAGED TO FIXTURE 
JtfOONTED CONNECTOR* PRIOR TO SILASTIC COATING BONG APPLIED 
% OUTSIDE SHELL (REF NOTE 2) TO BE COATED WITH MOLO RELEASE 
AGENT PER NO- 

* SURFACE A.B.C* 0, TO HAKE jOtO MIN THICK SILASTIC COATING PER NO 
5. SURFACE Eu» TO HAVE .095 THICK SILASTIC COATING PER NO* 
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SEE NOTE 2 
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SEE NOTE 4 
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NOTES: 

I. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327 
Z. MATING FEMALE PLUG TO BE FULLY ENGAGED TO FIXTURE 
COUNTED CONNECTOR, PRIOR TO SILASTIC COATING BEING APPLIED 
% OUTSIDE SHELL (REF NOTE 4) TO BE COATED WITH MOLO RELEASE 
AGENT PER NO - 

' A SURFACE A.B.C. D, TO HAVE OIO MIN THICK SILASTIC COATING PER NO ~ 
- 9. SURFACE 6, TO HAVE .095 THICK SILASTIC COATING PER ND- 
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SECTION D D 


|]| DIA THRU 


C BORE \l% OIA X .062 DEEP 
l&.COS DiAl 


INSTALL NEWTON INSERT KCL0-440 
DWG 1000115-2 2REQ0 


PART NO. I 


1 INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 

2 MATL 606I-T6AL/QQ-A-325 

3 FINISH BLACK ANODIZE MIL-A-8625 

4 SURFACE »2Sr UNLESS OTHERWISE SPECIFIED 

5 BREAK ALL SHARP EDGES 





APPLICATION 


SEE NOTE 3 
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"202 DIA THPJ $C'SINK 120* X Ilf DIA , 
PLUG TAP *3FPB X .437 DEEP, 6 HOLES 


INSTALL HELI-COIL INSERT (10-32) 3-9K3CN-0380, 

3/4 TO I 1/2 PITCH BELOW SURFACE, BREAK OFF DRIVING TANG 
6 REQ'D 


4.250 


3.000 


-3.500- 


•15.594 


! 76 DIA X 562 DEEP '4 C'SINK I20°xJ5|0IA,- 
PLUG TAP 2CPB X .375 DEEP 2 HOLES 
INSTALL HELI-COIL INSERT (8-32) 
#3585-2CN-0328 3/4 TO I 1/2 PITCH BELOW 
SURFACE BREAK OFF DRIVING TANG 
2 REQ’D 
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CLASS B RELEASE TDR No, qog-m 


DATE 


NOTES: 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 

2. ALL CORNERS MUST BE .005 TO .015 R OR CHAMPER. '25/ 

3. UNLESS OTHERWISE SPECIFIED,- SURFACE ROUGHNESS MUST NOT EXCEED V 

4. MATERIAL : 2024-T4 ALUM. PER QQ-A-268 

5. FINISH: BLACK ANODIZE PER MIL-A-8625 
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DO NOT SCALE THIS DRAWING 
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SEE NOTE NO. A 


MOUNTING PLATE 
‘ PSA VIB MOCKUP 


I HEAT TREATMENT 


NASA APPROVAL „ 


I CODE IDENT NO. SIZE 


NASA DRAWING NO. 
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FINAL FINISH 

SEE NOTE NO. 5 
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I.INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327 

2.125/ ALL OVER 

3 . BREAK ALL SHARP EDGES’^ 

4 FINISH BLACK ANODfZE’ MIL-A-8625 
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UNLESS OTHERWISE SPECIFIED 
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TOLERANCES ON 

FRACTIONS DECIMALS ANGLES 
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DO NOT SCALE THIS DRAWING 
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INSTRUMENTATION LAS 


NOMENCLATURE OR 
DESCRIPTION 


LIST OF MATERIALS 


. DATE1 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 

RETAINER,SCREW 
PSA VIB MOCK-UP 


I FINAL FINISH 


APPLICATION 


SEE NOTE 4 
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NASA DRAWING NO. 
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ROLL-BOND VENDOR TO CRACK* 
INFLATE. LOCATING TUBE 
AS SHOWN IN SECTION A-A 



B 

r 



» B 


NOTES 

L INTERPRET DWG IN ACCORDANCE WITH M1L-D-TOS27 
ft. MATERIAL: ALUMINUM .TYPE. GOGI.DOUBLE THICKNESS .060+.004 
C.O30/OSC* (IN FABRICATING, ALUM TYPE GOGI _ 

.SHALL BE USED WITH BONDING SURFACES 

CLAD WITH ALUM TYPE UOQ\ ..... - • 

5. FINISH AS ROLLED 

«. ALL DIMENSIONS ARE SUBJECT TO ROLL-BOND FABRICATION TOLERANCES 
Al ROLLING TOLERANCES - t .ISO PER FOOT OF PATTERN LENGTH 
{ ft. OUT OF SQUARE-*.261 PER GINCHES OF PATTERN WIDTH 
! C. r AMBER -4 1/IG 

1 S. 0DENOTES SHEAR POINT . : - —Z - 

ft. MATERIAL SHALL BE ANNEALED (CDND 0) W RQLL-BCND VENDOR 
~7 SERPENTINE PATTERN NOT TO BE INFLATED 

ft IDENTIFY USING DWG NO. .REVISION LETTER % MANUFACTURES 
SYMBOL AT INDICATED LOCATION PER ND 002019 


t I00I4G3 
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SEE NOTE 4C 


BRAZE SEE NOTE 4- E 
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SEE NOTE 4-B 
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- THESE SORFACES SHALL BE 
FREE FROM LONG\TUD\NAL 
AUO SPVRAU TOOL MARKS 


REQUIREMENTS: 

1. GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIDEO IT MIL-D-70327. 

•. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IM NM015404, CLASS 3. 
C, ASSEMBLY SHALL BE PACKED A SHIPPED IM A MANNER THAT WILL: 

PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE NOSE TO A RADIUS OF LESS THAN 20 INCHES. 

0. IDENTIFY USING DRAWING NUMBER. REVISION LETTER AND MANUFACTURERS SYMBOL PER ND1002019. 

2. INSPECTION A ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING 

B. CLEANLINESS: CONTAHINANT PARTICLES SHALL NOT EXCEED J50 MICRONS IN SIZE WHEN TESTED 

PER 

C. PRESSURE TEST: ASSEHiLY RUST NOT DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSIG WITH 
DISTILLED WATER. 

0. LEAK TEST: NAXIHUM LEAK RATE 5 X lO^STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
10 77.5 t .5 PSIG (PERFORMED AFTER PRESSURE TEST). 

5. DESIGN REQUIREMENTS 

A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .00G/.008 WALL THICKNESS) 

2. BRAID: CRES CLASS 321 COND A PER QQ-S-7G3 

3. END FITTINGS: CRES CLASS 321 CONO A PER QQ-S-7G3 

4. TRANSITION PIECE: ALUMINUM GOBI TG PER QQ-A-325 

B. FINISH: 

1. STEEL SECTIONS; PASSIVATE PER MIL-F-14072 FIN E-300 


SPECIAL INSTRUCTIONS A INFORMATION 


1. REMOVE RURRS A BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES ^ FINISH. 

WELDING: INERT WELD PER NIL-W-8G11 


C; THREADS MUST CONFORM TO MIL-S-7742. 

D. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICO MHOI-01008-11G. 

E. BRAZING OF ALUMINUM TRANSITION PIECE TO STAINLESS END FITTING 
A PROPRIETORY PROCESS OF BI-BRAZE CORP. 

BROOKLYN 3*i N.Y. 


SE.ET NOTE B A 


LIST OF PARTS AND MATERIALS 
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REQUIREMENTS: 

1. GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN NM 015404, CLASS 5. 

C. ASSEMBLY SHALL BE PACKED A SHIPPED IN A MANNER THAT WILL: 

1| PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

D. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER ND1002019. 

2. INSPECTION A ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING 

B. CLEANLINESS:REQUIREMENTS PER ND1002223 

C. PRESSURE TEST: ASSEMBLY MUST NOT PERMANENTLY DEFORM WHEN INTERNALLY PRESSURIZED 
TO 90 PSIG WITH DISTILLED WATER. 

D. LEAK TEST: MAXIMUM LEAK RATE 5 X 10-*>STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77 tj PSIG (PERFORMED AFTER PRESSURE TEST). 

3. DESIGN REQUIREMENTS 

A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .006/.008 WALL THICKNESS) 

2. BRAID: CRES CLASS 321 COND A PER QQ-S-763 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-763 

4. TRANSITION PIECE: ALUMINUM 6061 T6 PER QQ-A-325 

B. FINISH: 

1. STEEL SECTIONS; PASSIVATE PER MIL-F-14072 FIN E-300 

C. CONFIGURATION: 

1. FLEXIBLE HOSE SHALL BE CAPABLE OF BENDING TO A 1» INSIDE RADIUS WITHOUT 
DAMAGE OR PERMANENT SET. 


4. SPECIAL INSTRUCTIONS & INFORMATION 
A. MACHINING: 

1. REMOVE BURRS A BREAK SHARP EDGES .005/.01S. 

2. MACHINE SURFACES ^ FINISH. 

I. MELDING: INERT WELD PER MIL-W-8611 
C. THREADS MUST CONFORM TO MIL-S-7742. 

0. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICO MHOI-01008-116. 

,! IW KiMV TRi;*j\!?!ON PIECE 

■ -*«* a roop - »- 

E. JOINT MUST BE CAPABLE OF WITHSTAND INC A TEMPERATURE OF 500*F 
WITHOUT DEGRADATION. _ 


1001469 


NUT AMT I UKO 


SEE NOTE a A 


UST OF PARTS AND MATERIALS 
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IMKNTA1 
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NAS 9 193 f'BATY 
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f MIT/M. APPROVAL 
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1001466 
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|®A.005TIR 


~:.C40 «- 
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4 PLACES 




- 375 MIN DEPTH FULL THO. 


2. PLACES 
SEE NOTE 4 B 


X .2.2.3 m 
l®A^05TI 


-BRAZE SEE NOTE *E 


REQUIREMENTS: 

1. GENERAL ’ 

A. INTERPRET DRAWIN6 IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND101S404, CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT HILL: 

1. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDIN6 OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

B. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER ND1002014. 

2. INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING. 

B. CLEANLINESS: CONTAMINANT PARTICLES SHALL NOT EXCEED 150 MICRONS IN SIZE WHEN TESTED 
PER 

C. PRESSURE TEST: ASSEMBLY MUST NOT DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSIG 
WITH DISTILLED WATER. 

D. LEAK TEST: MAXIMUM LEAK RATE 5 X 10"* STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77.5. t .5 PSIG (PERFORMED AFTER PRESSURE TEST) 

3. DESIGN REQUIREMENTS 

A. MATERIAL: S 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .006/.008 WALL THICKNESS). 

2. BRAID: CRES CLASS 321 COND A *R QQ-S-763. 

3. ENO Fin I MGS: CRES CUSS 321 COND A PER QQ-S-763. 

4. TRANSITION PIECE: ALUMINUM 6061 T6 PER QQ-A-325. 


1. STEEL SECTIONS; PASSIVATE PER NIL-F-14072 FIN E-300. 



DbjoostirI 


45**5* 

5 PLACES 
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-THESE SURFACES SHALL BE 
FREE FROM LONGITUDINAL 
AND SPIRAL. TOOL MARKS 


4. SPECIAL INSTRUCTIONS AND INFORMATION 
A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES 'fy FINISH 
I. WELDING: INERT WELD PER MlL-W-B611. 

C. THREADS MUST CONFORM TO MIL-S-7742. 

D. CONFIGURATION ANO DIMENSIONS CONTROLLED BY ICD NH0I-0I008-I16. 

E. BRAZING OF ALUMINUM TRANSITION PIECE TO STAINLESS STEEL END 
FITTING A PROPRIETORY PROCESS OF BI-BRAZE CORP. 

BROOKLYN 31, N.Y. 
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•*»“' NOSE , FLEXIBLE "•"KKSCil! 

WELDING ASSY — 

!7Z 111 IUU TO SPACECRAFT | 


SEE NOTE 3A 
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REQUIREMENTS: 

1. GENERAL x 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED IT MIL-D-70327. 

SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN N01015404, CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SNIPPED IN A MANNER THAT UILL: 

1. PREVENT CONTAMINATION OF TNE INTERNAL SURFACES. 

2. PREVENT BENDING OT THE HOSE 10 A RADIUS OF LESS THAN 20 INCHES. 

0. IDENTIFY USING DRAWING NUMBER. REVISION UTTER AND MANUFACTURER! SYMBOL PER NO100201V. 

2. INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOM ON DRAWING. 

B. CLEANLINESS'REQUIREMENTS PER ND1002223. 

* r 

C. PRESSURE TEST: ASSEMBLY MUST MOT PERMANENTLY DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSIO. 
WITH DISTILLED WATER. 

0. UAK TEST: MAXIMUM LEAK RATE 3 X 10~* STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77 +4 PSIG (PERFORMED AFTER PRESSURE TEST) 

3. DESIGN REQUIREMENTS 

A. MATERIAL: i 

FLEXIBLE TUBING: CUES; CLASS 321 (TRUE SEAMUSS OOG/.008 WALL THICKNESS). 

2. BRAID: CAES CLASS 321 COMO A PER QQ-S-7G3. 

3. END FITTIN6S: CRES CUSS 321 COHO A PER QQ-S-7G3. 

4 . TRANSITION PIECE: ALUMINUM GOBI TG PER QQ-A-32S. 

». FINISH: * 

1. STEEL SECTIONS; PASSIVATE PEA NIL-F-14072 FIN E-300. 


SPECIAL INSTRUCTIONS ANO INFORMATION 
A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES 'ty FINISH 
I. WELDING: INERT WELD PER MIL-W-0G11. 

C. THREADS MUST CONFORM TO MIL-S-7742. 

0. CONFIGURATION ANO DIMENSIONS CONTROLLED BY ICO MHOI-01000-11G. 

• - i. * •';.;rTonoK-‘ •* nr > r 

’ HROJKi. ‘ 31, . 


C. CONFIGURATION ' 

FLEXIBU HOSE SHALL BE CAPABU OF BENDING TO A 1* INSIDE RADIUS WITHOUT DAMAGE OR PERMANENT SET. 
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REQUIREMENTS: 

1. GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 

I. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND1015404, CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENOING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

D. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER ND1002019. 

2. INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING. 

B. CLEANLINESS REQUIREMENTS PER ND1002223. 


4. SPECIAL INSTRUCTIONS AND INFORMATION 

A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .005/.01S. 

2. MACHINE SURFACES FINISH 

B. WELDING: INERT WELD PER MIL-W-8611. 

C. THREADS MUST CONFORM TO MIL-S-7742. 

D. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICO MH0I-0I008-I16. 

E. JOINT MUST BE CAPABLE OF WITHSTANDING A TEMPERATURE 500°F 
WITHOUT DEGRADATION. 


4 


4 


4 



C. PRESSURE TEST: ASSEMBLY MUST NOT PERMANENTLY DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSI6. 

WITH DISTILLED WATER. 

D. LEAK TEST: MAXIMUM LEAK RATE 5 X 10-6 STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77 +4 PSIG (PERFORMED AFTER PRESSURE TEST) 

-0 

3. DESIGN REQUIREMENTS 

A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .006/.008 WALL THICKNESS). 

2. BRAID: CRES CLASS 321 COND A PER QQ-S-763. 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-7G3. 

4. TRANSITION PIECE: ALUMINUM G061 TG PER QQ-A-325. 

B. FINISH: 

1. STEEL SECTIONS; PASSIVATE PER MIL-F-14072 FIN E-300. 

C. CONFIGURATION 

1. FLEXIBLE HOSE SHALL BE CAPABLE OF BENDING TO A 1- INSIDE RADIUS WITHOUT DAMAGE OR PERMANENT SET. 
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SEE NOTE 4 B 
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REQUIREMENTS: 


A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70J27. 

B. SUPPLIER SHALL COHFORH TO QUALITY ASSURAHCE PROVISIONS SPECIFIED IH HD1015404, CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAH 20 INCHES. 

D. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER ND 1002019. 

INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOW ON DRAWING. 

B. CLEANLINESS: CONTAMINANT PARTICLES SHALL NOT EXCEED ISO MICRONS IN SIZE WHEN TESTED 

PER 1 

C. PRESSURE TEST: ASSEMBLY MUST NOT DEFORM WEN INTERNALLY PRESSURIZED TO 90 PSIG WITH 
DISTILLED WATER. 

D. LEAK TEST: MAXIMUM LEAK RATE 5 X 10"* STD CC/SEC OF HELIUM WEN INTERNALLY PRESSURIZED 

TO 77.5 t .5 PSIG (PERFORMED AFTER PRESSURE TEST). • 

DESIGN REQUIREMENTS 
A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .00b/.008 HALL THICKNESS) 

2. BRAID: CRES CUSS 321 COND A PER QQ-S-7G3 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-7G3 
I. FINISH: PASSIVATE PER NIL-F-14072 FIN E-300 


SPECIAL INSTRUCTIONS AND INFORMATION 
A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES 12* FINISH 
D. WELDING: INERT WELD PER MlL-W-B611. 

C. CONFIGURATION AND DIMENSIONS CONTROLLED 
BY SEATON WILSON MFG. CO. 

BURBANK, CALIFORNIA 
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SEE NOTE 4 B 
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MAX WILL BE FERM/SSABLE 
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REQUIREMENTS: 

1. GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND1015404. CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT COMTAHINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE NOSE TO A RADIUS OF LESS THAN 20 INCHES. 

0. IDENTIFY USING DRAWIN6 NUMBER. REVISION LETTER AND MANUFACTURERS SYMBOL PER NO 100201V. 

2. INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING. 

R. CLEANLINESS: CONTANINANT PARTICLES SHALL NOT EXCEED ISO MICRONS IN SIZE WHEN TESTED 

PER (JiaX^J) 

C, PRESSURE TEST: ASSEMBLY MUST NOT DEFORM MIEN INTERNALLY PRESSURIZED TO 90 PS 10 WITH 
DISTILLED WATER. 

0. LEAK TEST: MAXIMUN LEAK RATE 5 X 1(T* STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77.5 t .5 PSIG (PERFORMED AFTER PRESSURE TEST). 

3. DESIGN REQUIREMENTS 

A. MATERIAL: ,, 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .00G/.008 WALL THICKNESS) 

2. BRAID: CRES CLASS 321 COND A PER QQ-S-763 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-703 

B. FINISH: PASSIVATE PER MIL-F-14072 FIN E-300 


4 . SPECIAL INSTRUCTIONS AND INFORMATION 

A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .00S/.015. 

2. MACHINE SURFACES ^ FINISH 

B. WELDING: INERT WELD PER MIL-W-8G11. 

C. THREADS MUST CONFORM TO MIL-S-7742. 
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SEE NOTE 3 A 
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THESE SURFACES SHALL BE 
FREE FROM LONGITUDINAL 
AND SPIRAL TOOL MARKS 


REQUIREMENTS: 

1. GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. 

C. 


D. 


SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND1015404. CLASS 3. 
ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

IDENTIFY USING DRAWING NUMBER. REVISION LETTER AND MANUFACTURERS SYMBOL PER NO 1002019. 


SPECIAL INSTRUCTIONS AND INFORMATION 
A. MACHINING: 

1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES ^ FINISH 


WELDING: INERT WELD PER MIL-W-8611. 
THREADS MUST CONFORM TO MIL-S-7742. 


INSPECTION AND ACCEPTANCE 
A. DIMENSIONS: AS SHOWN ON DRAWING. 

CLEANLINESS REQUIREMENTS PER ND 1002223. 


PRESSURE TEST: ASSEMBLY MUST NOT PERMANENTLY DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PS IG WITH 
DISTILLED WATER. 

LEAK TEST: MAXIMUM LEAK RATE 5 X 10^ STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77 *4 PSIG (PERFORMED AFTER PRESSURE TEST). 

DESIGN REQUIREMENTS 
A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .006/.008 WALL THICKNESS) 


B. 

C. 


2. BRAID: CRES CLASS 321 COND A PER QQ-S-7G3 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-7G3 
FINISH: PASSIVATE PER MJL-F-14072 FIN E-300 


CONFIGURATION 

1. FLEXIBLE HOSE SHALL BE CAPABLE OF BENDING TO A 1* INSIDE RADIUS WITHOUT DAMAGE OR PERMANENT SET. 
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-THESE SURFACES SMALL BE 
FREE FROM LONGITUDINAL 
AND SPIRAL TOOL MARKS 


REQUIREMENTS: 


GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND1015404. CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

|. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE NOSE TO A RADIUS OF LESS THAN 20 INCHES. 

». IDENTIFY USING DRAWING NUMBER. REVISION LETTER AMD MANUFACTURERS SYMBOL PER NO 1002019. 

INSPECTION AND ACCEPTANCE 

A. DIMENSIONS: AS SHOWN ON DRAWING. 

B. CLEANLINESS. REQUIREMENTS PER ND 1002223. 

C. PRESSURE TEST: ASSEMBLY MUST NOT PERMANENTLY DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSIG WITH 
DISTILLED WATER. 

D LEAK TEST: MAXIMUM LEAK RATE 5 X 10"* STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77 +4 PSIG (PERFORMED AFTER PRESSURE TEST). 

DESIGN REQUIREMENTS 
A. MATERIAL: 

1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .010/.012 WALL THICKNESS) 


SPECIAL INSTRUCTIONS AND INFORMATION 


1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES ^ FINISH 
WELDING: INERT WELD PER MIL-W-8611. 

THREADS MUST CONFORM TO MIL-S-7742. 


2. BRAID: CRES CLASS 321 COND A PER QQ-S-7G3 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-7G3 
FINISH: PASSIVATE PER HI L-F-14072 FIN E-300 

CONFIGURATION 

1. FLEXIBLE HOSE SHALL BE CAPABLE OF BENOING TO A 1- INSIDE RADIUS WITHOUT AFFECTING PERFORMANCE. 
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AND SPIRAL TOOL MARKS, ANNULAR GROOVES UP TO 32 MICRO - INCHES 
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1. 6ENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND1015404, CLASS 3. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF THE INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

D. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER NO 1002019. 


SPECIAL INSTRUCTIONS AND INFORMATION 


1. REMOVE BURRS AND BREAK SHARP EDGES .005/.015. 

2. MACHINE SURFACES FINISH 


WELDING: INERT WELO PER HIL-W-8611. 


CONFIGURATION AND DIMENSIONS CONTROLLED 
BY SEATON WILSON MFC. CO. 

BURBANK, CALIFORNIA 


INSPECTION AND ACCEPTANCE 
A. DIMENSIONS: AS SHOW ON DRAWING. 


CLEANLINESS: CONTAMINANT PARTICLES SHALL NOT EXCEEO ISO MICRONS IN SIZE WHEN TESTED 

PER IXoXmJ) ■* 

PRESSURE TEST: ASSEMBLY MUST NOT DEFORM WHEN INTERNALLY PRESSURIZED TO 90 PSIG WITH 
01 STILLED WATER. 

LEAK TEST: MAXIMUM LEAK RATE 5 X 10 - * STD CC/SEC OF HELIUM WHEN INTERNALLY PRESSURIZED 
TO 77.5 t .5 PSIG (PERFORMED AFTER PRESSURE TEST). 


DESIGN REQUIREMENTS 


1. FLEXIBLE TUBING: CRES CLASS 321 (TRUE SEAMLESS .OOG/.OOB WALL THICKNESS) 
PER MIL-T-7880. 

2. BRAID: CRES CLASS 321 COND A PER QQ-S-7G3 

3. END FITTINGS: CRES CLASS 321 COND A PER QQ-S-7G3 


PASSIVATE PER MlL-F-14072 FIN E-300 
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1. INTERPRET DRAM IN6 IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL 
PER HD100201V. 

3. ASSEMBLY SHALL BE PACKED AND SHIPPED IN a MANNER THAT MILL: 

A. PREVENT contamination of internal surfaces. 

B. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

C. PREVENT DAMAGE TO COUPLING HALF. 

.4. ATTACH TAG AT INDICATED AREA. TAG TO SAY "CAUTION - TEMPERATURE OF 
FITTING NOT TO EXCEED 500°F WHEN WELDING TO SPACE CRAFT" 

5. ASSEMBLE ITEM (T) TO ITEM (T) WITH 70 IN-LB i 7% TORQUE. 

6. LEAK TEST: WITH COUPLING HATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10 -6 STD CC/SEC OF HELIUM WHEN INTERNALLY 
PRESSURIZED TO 77.5 ♦ .5 PSIG. 

7. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICD MH01-01008-116. 
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REQUIREMENTS 
1. GENERAL: 


A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL 
PER ND1002019. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

3. PREVENT DAMAGE TO COUPLING HALF. 

D. ATTACH TAG AT INDICATED AREA. TAG TO SAY "CAUTION - TEMPERATURE OF 
FITTING NOT TO EXCEED 500°F WHEN WELDING TO SPACE CRAFT" 

INSPECTION AND ACCEPTANCE: 

A. ASSEMBLY SHALL MEET THE REQUIREMENTS OF PS1000135 EXCEPT PROOF AND 
BURST PRESSURE TESTS. 

B. COUPLING, QUICK DISCONNECT MUST MATE WITH NASA PART NO. 1000135. 

C. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10“^ STD CC/SEC OF HELIUM WHEN INTERNALLY 
PRESSURIZED TO 77.5 i .5 PSIG. 


DESIGN REQUIREMENTS 
A. MATERIAL: 

1. HOSE ASSEMBLY; MAKE FROM NASA PART NO. 10014GG. 

2. COUPLING; SLEEVE AND BODY f CRES CLASS 300 SERIES 

PER QQ-S-763 
TRUNNION-STEEL 17-4 PH 

SNAP RING - CRES ARMCO PH 15-7MO OR AISI TYPE 420 


B. 

FINISH: 



1. COUPLING: 

PASSIVATE PER MIL-F-14072 FIN E-300 

C. 

LOCKING TYPE: 

PUSH TO CONNECT 



PULL TO DISCONNECT 


SPECIAL INSTRUCTIONS AND INFORMATION: 

A. CONFIGURATION AND DIMENSIONS OF INTERNAL COMPONENTS OF COUPLING 

AND ASSEMBLY OF COUPLING IS A PROPRIETORY PROCESS OF SEATON WILSON MFG. CO., BURBANK, CALIFORNIA. 

B. CONFIGURATION AND DIMENSIONS CONTROLLED BY I CD MHO I-01008-116. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 
fe- IDENTIFY USING DRAWING NUMBER. REVISION LETTER AND MANUFACTURERS SYMBOL PER 
ND1002019. 

3. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

A. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

B. PREVENT BENDING OF THE HOSE TO a RADIUS OF LESS THAN 20 INCHES. 

C. PREVENT DAMAGE TO C0UPLIN6 HALF. 

4. ATTACH TAG AT .INDICATED AREA. TAG TO SAY "CAUTION - TEMPERATURE OF FITTING 
NOT TO EXCEED 500*F WHEN WELDING TO SPACECRAFT 11 

5. ASSEMBLE ITEM Q> TO ITEM CD H,TM 70 ,IHJ * n T0RQUE * 

4. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10‘* STD CC/SEC OF HELIUM WHEN 
INTERNALLY PRESSURIZED TO 77.5 ± .5 PSIG. 

7. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICD MHOI>01008-114. 




















SEE NOTE 4 


1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 

2* IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER 
ND1002019. 

3. ASSEMBLY SHALL BE PACKED AND SHIPPEO IN A MANNER THAT WILL: 

A. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

B. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

C. PREVENT DAMAGE TO COUPLING HALF. 

4. ATTACH TAG AT INDICATED AREA. TAG TO SAY -CAUTION - TEMPERATURE OF FITTING 
NOT TO EXCEED 500*F WHEN WELDING TO SPACE CRAFT- 

5. ASSEMBLE ITEM QT) TO ITEM WITH 70 IN-LB i 7* TORQUE. 

4. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 
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REQUIREMENTS 

1. GENERAL: 

ft. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY NIL-D-70327. 

B. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL PER 
ND1002019. 

C. ASSEMBLY SHALL BE PACKED ANO SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

3. PREVENT DAMAGE TO COUPLING HALF. 

». ATTACH TAG AT INDICATED AREA. TAG TO SAY “CAUTION - TEMPERATURE OF FITTING 
NOT TO EXCEED 500*F WHEN WELDING TO SPACECRAFT - 

2. INSPECTION ANO ACCEPTANCE: 

ft. ASSEMBLY SHALL MEET THE REQUIREMENTS OF PS1000135 EXCEPT PROOF AND BURST 
PRESSURE TESTS. 

ft. COUPLING, QUICK DISCONNECT MUST MATE WITH NASA PART NO. 1000135. 

C. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10“^ STD CC/SEC OF HELIUM WHEN 
INTERNALLY PRESSURIZED TO 77.5 t .5 PSIG. 


DESIGN REQUIREMENTS 

A. MATERIAL: 

1. HOSE ASSEMBLY; MAKE FROM NASA PART NO. 1001467. 

2. COUPLING; SLEEVE AND BODY - CRES CLASS 300 SERIES PER QQ-S-763 

TRUfflON- STE& 17-4PH 

SNAP RING - CRES ARMCO PHI5-7 NO OR AISI TYPE 420 

B. FINISH: 

1. COUPLING: PASSIVATE PER MlL-F-14072 FIN E-300 

C. LOCKING TYPE: PUSH TO CONNECT 

PULL TO DISCONNECT 

SPECIAL INSTRUCTIONS AND INFORMATION: 

ft. CONFIGURATION AND DIMENSIONS OF INTERNAL COMPONENTS OF COUPLING 
AND ASSEMBLY OF COUPLING IS A PROPRIETORY PROCESS OF 
SEATON WILSON MFG. CO. 

BURBANK, CALIFORNIA. 

B. CONFIGURATION AND DIMENSIONS CONTROLLED BY ICD MHOI-OIOOS-II6. 
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}• ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

A. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

B. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

C. PREVENT DAMAGE TO C0UPLIN6 HALF. 

4. ASSEMBLE ITEM (T) TO ITEM CD M,TM 70 ,IHJ 1 71 TWQUE ‘ 

5. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10"^ STD CC/SEC OF HELIUM WHEN 
INTERNALLY PRESSURIZED TO 77.5 i .5 PSIG. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. IDENTIFY USING DRAWING NUMBER, REVISION LETTER AND MANUFACTURERS SYMBOL 
PER ND1002019. 

}• ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

PREVENT CONTAMINATION OF INTERNAL SURFACES. 

|. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

C. PREVENT DAMAGE TO COUPLING HALF. 

4. ASSEMBLE ITEM <J) TO ITEM CD WITH 70 IN-LB ± 7* TORQUE. 

5. LEAK TEST: WITH COUPLING MATEO WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10~ b STD CC/SEC OF HELIUM WHEN 

INTERNALLY PRESSURIZED TO 77+4 PSIG. 
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6. CLEANLINESS REQUIREMENTS PER ND1002223. 

























REQUIREMENTS 

1. GENERAL: 

A. INTERPRET DRAWIN6 IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 
I. IDENTIFY USING DRAWING NUMBER. REVISION LETTER AND MANUFACTURERS SYMBOL 

PER ND1002019. 

C. ASSEMBLY SHALL BE PACKED AND SHIPPED IN A MANNER THAT WILL: 

1. PREVENT CONTAMINATION OF INTERNAL SURFACES. 

2. PREVENT BENDING OF THE HOSE TO A RADIUS OF LESS THAN 20 INCHES. 

3. PREVENT DAMAGE TO COUPLING HALF. 

2. INSPECTION AND ACCEPTANCE: 

ft. ^ASSEMBLY SHALL MEET THE REQUIREMENTS OF PS1000135 EXCEPT PROOF AND BURST 

Pressure tests. 

B. COUPLING. QUICK DISCONNECT MUST MATE WITH NASA PART NO. 1000135. 

C. LEAK TEST: WITH COUPLING MATED WITH NASA PART NO. 1000135. 

THE MAXIMUM LEAK RATE IS 5 X 10~* STD CC/SEC OF HELIUM WHEN 
INTERNALLY PRESSURIZED TO 77.5 1 .5 PSIG. 


3. DESIGN REQUIREMENTS 

A. MATERIAL: 

1. HOSE ASSEMBLY; MAKE FROM NASA PART NO. 1001461. 

2. COUPLING; SLEEVE ANO BODY - CRES CLASS 300 SERIES PER QQ-S-763 

TRUNNION - STEEL 17-4PM 

SNAP RING- CRES ARMCO PHI5-7 MO OR AlSI TYPE 420 

B. FINISH: 

1. COUPLING: PASSIVATE PER MIL-F-14072 FIN E-300. 

c. Cocking type: push to connect 

PULL TO DISCONNECT 

R. SPECIAL INSTRUCTIONS AND INFORMATION 

A. CONFIGURATION AND DIMENSIONS OF INTERNAL COMPONENTS OF COUPLING 
AND ASSEMBLY OF COUPLING IS A PROPRIETORY PROCESS OF 

SEATON WILSON MFG. CO. 

BURBANK. CALIFORNIA 
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1 

1 

1010416- 

1 

WIRE. MIL-W-16878E28. 28AWG* 
4.75 IN* TOT* LG 

BLK* 

20 FT 




2 

1 

1010416- 

3 

WIRE* M1L-W-16878E28* 28AWG* 
11*37 IN* TOT* LG 

RED* 

11 FT 




3 

1 

1010416- 

9 

WIRE* MIL-W—16878E28* 28AMG* 
TOT* LG 

GY* 

1 FT 10*16 

IN. 



4 

1 

1010416- 

8 

WIRE* MIL-W-16878E28* 28AWG* 
TOT. LG 

VIO* 

7 FT 3.25 

IN. 



3 

1 

1010416- 

7 

WIRE* MIL-W-16878E28* 28AMG* 
TOT. LG 

BLU* 

3 FT 6*50 

IN. 



6 

1 

1010416- 

4 

WIRE* MIL-W-16878E28* 28AWG* 
10.25 IN. TOT. LG 

ORN* 

6 FT 




7 

1 

1010416- 

6 

WIRE* MIL-W-16878E28• 28AWG* 
7*38 IN. TOT. LG 

GRN* 

29 FT 




8 

1 

1010416- 

3 

WIRE* MIL-W-16878E28* 28AWG* 
4*25 IN* TOT. LG 

YEL* 

22 FT 




9 

1 

1010416- 

10 

WIRE* MIL-W-16878E28* 28AWG* 
11.88 IN. TOT. LG 

WHT • 

4 FT 




10 

1 

1010416- 

2 

WIRE* MIL-W—16878E28* 28AWG* 
TOT. LG 

BRN* 

2 FT 6*75 

IN. 



11 

1 

1010778- 

1 

WIRE* SHIELDED* 
TOT. LG 

28AWG* 1 COND 9 FT 6*9 IN* 




12 

1 

10UQJ78- 

2 

WIRE* SHIELOEO* 
TOT. LG 

28AWG* 2 COND 10 

FT 7.5 IN. 
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13 1 

PART NO 

1010776- 

3 

DESCRIPTION 

WIRE* SHIELDED. 28AWG* 3 COND 
TOT. LG 

1 FT 4*5 IN* 

14 

3 

1000121 


CONNECTOR* RECEPTACLE 


1* 

3 

1000122 


CONNECTOR* RECEPTACLE 


16 

3 

1010318- 

1 

CONNECTOR* PLUG 


17 

1 

1010472- 

1 

CONNECTOR* PLUG 


18 
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1000120 


CONNECTOR* PLUG 


19 

1 

1001474- 

11 

SHIELD-WIRE* QQ-B-575* 17/64 
6.62 IN. LG 

I D 36AWG)* 

20 

1 

1001474- 

12 

SHIELD-WIRE* QO-B-575. (7/64 
9.00 IN. LG 

I D 36AWGI* 

21 

2 

1001474- 

13 

SHIELD-WIRE* QO-B-575* 17/64 
4.62 IN. LG 

1 D 36AWGJ• 

22 

1 

1001474- 

14 

SHIELD-WIRE* QO-B-575* 17/64 
18.50 IN. LG 

I D 36AWGI* 

23 

1 

1001474- 

15 

SHIELD-WIRE* QQ-B-575* 17/64 
4.12 IN. LG 

I D 36AWG)* 

24 

AR 

1010490- 

983 

SLEEVING-HEAT SHRINK. WHT* 55 IN. TOT. LG 

25 

7 

1010490- 

114 

SLEEVING-HEAT SHRINK* 


26 

7 

1010490- 

058 

SLEEVING-HEAT SHRINK* 


27 

42 

1010490-084 

SLEEVING-HEAT SHRINK* 
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28 

12 

1000243- ? 

I FERRULE* INNER 



29 



DELETED 11000242- 5) 



30 

130 

1006776- 18 INSULATION* SLEEVING .31 

LG 


31 

49 

1006776- 16 INSULATION* SLEEVING .31 

LG 


32 

• 

1010717- 1 

1 TERMINAL LUG 



33 

1 

1000267 

BRACKET 



34 

1 

1000226 

BRACKET 



35 

1 

1000149 

BRACKET 



36 

AR 

QQ-S-571 

SOLDER ISN60WARP2) 



37 

AR 

MIL-T-713 

TAPE* NYLON* WAXED* TYPE 

P* CLASS 2* BLACK 
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a> 

NO. 

i ■srr! | i ,, i i !i."i*rT:aBi 

Hit 

spk rt> 

NO. 

NUMMC 

NO. 

CIRCUIT POINT 


iT 

ITRM NO. 

CIRCUIT POINT 


Hum 

IT1M NO. 


A 47L 




9 17-B 


10Y 







1 

P16-B 


i: 



B 




2 


A 48 

12 

24 

OC 


1 

00 










SI 



B 






A 48A 

1 

1 

5C 

SHLD A48 


1 3 Y 



27 




■1 

E34 


Ei 



B 




1 / 


A 48K 




P17-F 


ICY 



31 




1 

P15-F 


Si 



B 




50 


A 48L 




P17-C 


ICY 



31 




1 

P15-C 


Bi 



B 




5C 


A 49 

12 

9 

62 



OC 










Bl 



fl 






A 490 

1 

2 

5C 

E35 


13Y 



25 

B 



2 / 

iSQBSH 


Ei 



B 






A 49K 




P17-F 


1C 



27 




1 



Bi 



B 




2 


A 491 




P17-C 


ICY 







1 

P16-C 


Bi 



B 




2 


A 50E 

3 

9 

12 

P16-Y 


ICY 



3C 




2 

J14-S 

1 

Bi 



B 




3 


A 50L 

K 

9 

12 

P16-D* 


ICY 



3C 




2 

J14-P 

1 

Bi 



B 




3 


A 50V 

4 

9 

12 

P16-B* 


10Y 



3C 




2 

J14-R 

1 

Si 



B 




3 


A 52 

2 

9 

OC 

P16-2 


1C' 



3C 




2 

P16-T 

1 

Si 



B 




2 


A 54 

6 

8 

87 

P16-W 


1C' 



30 




2 

J13-B 


Si 



B 




54 


A 55E 

3 

8 

87 

P16-V 

“1 

10 







2 

J13-LL 

1 

Si 



B 



1 

54 


A 55K 

1 

8 

87 

P16-S 


10 



31 




2 

i&ossm 


IBi 



B 



1 

54 


A 55M 

9 

8 

87 

P16-U 


10 

Y 






2 

ioohi 

1 

IS! 



B 



I 

54 


A 56A 

1 

1 

50 

SHLD A56 


25 

Y 







E33 

1 

IBi 



IB 

IB 


II 

67 
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STD CON 

DU 

CTOR TERMINATION FIGURES ARE FER 


MANNtO 

SFACECRAFT 

CENTER 

HOUSTON, TtXAS 

s 

IZE 

A 

1001474 

r 

SCALE-NONE 

REV LTR A j SHEET 12 OF 20| 
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IRE HARNESS A 


1001474 


CONDUCTORS TO St TWISTED HER TMt wlRE IWlbTING CHART. 

SuFFlX LETTER^ ON CONDUCTOR NuMBlkS INDICATE THE FOLLOWING 
A - SHIELD GROUND ON FrOV. END N - bROWN 

B - SHIELD GROUND ON TO END 0 “ OkANGE 

C - WHT/ORN R * RED 

D - WHT/SLR/BRN S - WHT/BLK 

E - GRAY T " WHT/BRN 

F - WHT/5LK/RED u - «»HT/GY 

G - GREEN v “ VIOLET 

H - WHT/BLJ W " WHlTE , rt 

J - WHT/^ED x " WHT/V10 

* - slack l “ YE t•:?" 

L - BLUE P * WHT/GRN 

M - WHT/YEL 

Y OR N IN TINNED COLUMN INDICATES YES OR NO. 

DIMENSIONS ARE IN INCHES AND TWO PLACE DECIMALS 
SOLDER PER MIL-STD-440 USING ITEM 36 
LACE CABLE USING ITEM 37 

SPARE LEADS ON CONNECTORS J21* 028* 029* AND 030 TO BE CUT TO 
10 INCHES AND LACED INTO HARNESS 

CONDUCTORS WITH THE SAME NUMBER ARE TWISTED TOGETHER 
INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

MARX CHARACTERS .10- .14 HIGH COLOR BLACK PER ND 1002019 AT 
LOCATIONS SHOWN 

LENGTHS SPECIFIED FOR CONDUCTORS ARE for AFTER TWISTING 



GOH 


WIRE HARNESS A 


1001474 


_ 

GENERAL NOT Ei 

LENGTHS IN CONDUCTOR CHART ARE FOR REFERENCE ONLY 

SEE DETAILS B AND C ON CONFIGURATION SHEET FOR METHODS OF 

TERMINATING SHIELDS 

IDENTIFY USING DRAWING NO.* REVISION LETTER AND MANUFACTURERS 
SYMBOL PER ND1002C19 AND SERIALIZE PER ND1002023. 



MANNEO 

SPACECRAFT 

CENTER 

HOUSTON, TEXAS 

SIZE 

A 

1001474 

SCALE- NONE 

REV 1 

_ TR A | SHEET 3 OF 2 0 


E 


pennant 

NOTE 

12 

13 

14 


GOH 


WIRE HARNESS A 


A 


pennant 

NOTE 


LIST OF MATERIALS 


TEM i 

□TV 

PART NO 

DESCRIPTION 


13 

1 

1010778- 3 

WIRE* SHIELDED* 28AWG* 3 COND 
TOT. LG 

1 FT 4.5 IN. 

14 

3 

1000121 

CONNECTOR* RECEPTACLE 


1& 

3 

1000122 

CONNECTOR* RECEPTACLE 


16 

3 

1010318- 1 

CONNECTOR* PLUG 


17 

1 

1010472- 1 

CONNECTOR* PLUG 


18 

2 

1000120 

CONNECTOR* PLUG 


19 

1 

1001474- 11 

SHIELD-WIRE* QG-B-575* 17/64 
6*62 IN* LG 

I D 36AWGI* 

20 

1 

1001474- 12 

SHIELD-WIRE* QQ-B-575* (7/64 
9.00 IN. LG 

I D 36AWGI• 

21 

2 

1001474- 13 

SHIELD-WIRE* QQ-B-575* (7/64 
4.62 IN. LG 

1 D 36AWGJ• 

22 

1 

1001474- 14 

SHIELD-WIRE* QQ-B-575 * (7/64 
18.50 IN. LG 

I D 36AWGI* 

23 

1 

1001474- 15 

SHIELD-WIRE* QO-B-575• (7/64 
4.12 IN. LG 

I D 36AWG)* 

24 

AR 

1010490-983 

SLEEVING-HEAT SHRINK* WHT* 55 

IN. TOT. LG 

25 

7 

1010490-114 

SLEEVING-HEAT SHRINK* 


26 

7 

1010490-058 

SLEEVING-MEAT SHRINK* 


27 

42 

1010490-084 

SLEEVING-HEAT SHRINK* 



MANNED 


SIZE 


SPACECRAFT 

CENTER A 

HOUSTON, TEXAS 


SCALE-NONE j REV LTR 


A 


1001474 


1001474 


| SHEET 5 OF 2 














WIRE HARNESS A 


1001474 


PENNANT 

NOTE 


ITEM OTV 


list of materials 

PART NO DESCRIPTION 


28 

12 

1000243- 

5 

FERRULE* INNER 

29 




DELETED (1000242- 5) 

30 

130 

1005776- 

18 

INSULATION* SLEEVING .31 LG 

31 

49 

1006776- 

16 

INSULATION* SLEEVING .31 LG 

32 

8 

1010717- 

1 

TERMINAL LUG 

33 

1 

1000267 


bracket 

34 

1 

1000226 


BRACKET 

35 

1 

1000149 


BRACKET 

36 

AR 

QQ-S-571 


SOLDER (SN60WARP2) 

37 

AR 

MIL-T-713 

TAPE. NYLON* WAXED* TY»E P* 


MANNEO 

SPACECRAFT 
CENTER 
HOUSTON, TEXAS 


SCALE-NONE 


SIZE 

A 


1001474 


a IRE HARNESS A 


U 31474 



1001474 
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|>>THI STD CONDUCTOR TERMINATION FIGURES ARE FER 
|V> DIMENSIONS ARE IN INCHES AND TWO PIACE DECIMALS. 
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•A 


PfcAAAAP , ^,I4T Of MATERIALS 

•^A0T6 ^HEA OfV RA8T A<^ r ♦. OfSCRlWtON A* % ■ 

,;. 1 1 * -iOlOAU- .1 ,-WlHE, MlL-A-l687Bta«. 28AM6* BUC. 20 FT > ' 

* - ^ ^ A. , V , ,IA. TOT. LO ft .. 

■*•7 ■'* * ». . .'4" ■.• ' ; , , , ' ‘ • * » 4 * 

. I 2 ^*. ,1010414- J WfRf. H|L«W-14878EZ8. 2BAWG* RED* U FT " t „ 

* *' • ... ■ *, 11.17 IA. TOT ».LG 

,*■' .» ' - ■,;# ■*' 

i 'k i* 1 - t . 101C4*4» 9 AlPf. A1L-A-16878E28. 28A«G. 07. 4 FT 10.14 

-*w- J; ^ ^ . % - , tot. ls ■ ** 

#k . ; 4 Av 1010416- 4 «IRE» MIL-IK16d76E28. 26A4G* V10. 7 FT 3.24 

U< H^“ ' •> , TOT. LO 

W"* \ . 9 7 i ^ 1010414- " 7 A!4E* AiL-A-14874£26• 28AMG* BLGt 5 Ft 4.^) 

' •> % .% • ' - TOT. LG 

, . ■ ^ „ m . - e- ■ 

*■; •.-• * ^r v.-V -.1 U010414- 4 RjREt AJL-«-14478E24» ‘fcOAAG* GH\, 4 FT 

f * . ' . V . 10.26 14. TOT. LG 

. m* * * - - ‘ 

,* .. 7 ^ * 1010414- 4 WIRE* HIL-R-1G676E24, 28AWG* GR*. 29 FT 

i * » . ,. 7*38 IN.. TOT. LG 


1/S- 

IN. 


.. ■ v' 

AG .•_ 


U - ‘ 


*.8 *1010414- ,4 w! 7E* MIL-W-16878E26. 2d*WG* tEL* 22 FT , 

*-* *' ; ; # 4.25 I A. TOT. LG . * 

. *r . ’ v •* 

.t-9 1 ? 10UH116- 10 TURE, MJL-W-16676628. 28AWG* WHT. 4 FT 

V*>* ^ 11.88 IN. TOT. LG ^ 

10 4 /1010414- 2 WIRE, K1L-W-14878I.28. 28AWG* BRN. 2 FT G.7> IN.* 

- •! . TOT. LG 

A m _ • *- 

* il > 1010778- 1 WIRE* SHIELOEO* 28AWu. 1 10 AU 9 Ff 4.9 IN. ** 

* r * TOT. LG # 

1? /,i * 1010778- 2 WIRE. SHIELOEO. 26A»G* 2 CO\G 10 FT 7.9' IN. 

^ - 1 ‘ • *•/ TCT. LG -V ^ 
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SPACECRAFT 
CENTER 
NOUJTOM. nuu 


size 
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CONDUCTORS TO BE TWISTED PER THt mIRL IwIsTINO CHART* 

SoFFlX LETTERS ON CONDUCTOR NuMbEkS iNoICATt THt FOLLOWING 
A - SHIELD GROUND ON FkOM END N - BROWN 

B - SHIELD GROUND ON TO END 0 - ORANGE 

C - WHT/ORN R - RED 

D - WHT/BLK/BRN S - whT/BLK 

E - GRAY T - WHT/BRN 

F - WHT/BLK/RED U - WHT/GY 

G - GREEN V - VIOLET 

H - WHT/BLU W - WHITE 

J - wHT/fttD X - WHT/VIO 

K - BLACK, Y - YELLOW 

L - BLUE P - WHT/GRN 

M - WHT/YEL 

Y OR N IN TINNED COLUMN INDICATES YES OR NO* 

DIMENSIONS ARE IN INCHES AND TWO PLACE DECIMALS 
SOLDER PER MIL-STD-440 USING ITEM 36 
LACE CABLE USING ITEM 37 

SPARE LEADS ON CONNECTORS J21* J28. 029* AND 030 TO BE CUT TO 
10 INCHES AND LACtD INTO HARNESS 

CONDUCTORS WITH THE SAME NUMBER ARE TWISTED TOGETnER 

INTERPkET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

MARK CHARACTERS .10 - *14 HIGH COLOR BLACK PER ND 1002019 AT 
LOCATIONS SHOWN 

LENGTHS SPECIFIED FOR CONDUCTORS ARE FOR AFTER TWISTING 


MANNED SIZE 

SPACECRAFT 

CENTER A 

HOUSTON, TEXAS 

SCALE-NONE REV LTR 
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WIRE HARNESS A 


1001474 


PENNANT GENERAL NOTES 

NOTE 

12 LENwTHa IN CONDUCTOR ChAHT ARt FOR REFERENCE ONLY 

13 SEE DETAILS B AND C ON CONF1GURAT1 ON SHEET FOR METHODS OF 
TERMINATING SHIELDS 

14 IDENTIFY USING DRAWING NO** REVISION LETTER AND MANUFACTURERS 
SYMBUL PER ND1002019 AND SERIALIZE PER N01002C23* 


GOH 
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NOTE 



WIRE HARNESS A 



1001474 


LIST OF MATERIALS 

ITEM OTY PART NO DESCRIPTION 

13 1 1010776- 3 WIRE* SHIELDED* 26AWG* 3 COND 1 FT *** IN* 

TOT. LG 4.0 

14 J 1000121 CONNECTOR* RECEPTACLE 

1$ 3 1000122 CONNECTOR* RECEPTACLE 

16 3 1010318- 1 CONNECTOR* PLUG 

17 1 1010472- 1 CONNECTOR* PLUG 

18 2 1000120 CONNECTOR. PLUG 

19 1 1001474- 11 SHIELD-WIRE* QQ-B-575* 17/64 I D 36AWGI* 

6*62 IN* LG 

20 1 1001474- 12 SHIELD-WIRE. QQ-B-575* (7/64 I D 36AWGI• 

9.00 IN* LG 

21 2 1001474- 13 SHIELD-WIRE* QQ-B-575* (7/64 I D 36AWG)• 

4*62 IN* LG 

22 1 1001474- 14 SHIELD-WIRE. QQ-B-575* (7/64 I D 36AWG)• 

18.50 IN* LG 

23 1 1001474- 15 SHIELD-WIRE* QQ-B-575* (7/64 I D 36AWGI* 

4*12 IN* LG 

24 AR 1010490-983 SLEEVING-HEAT SHRINK. WHT• 55 IN. TOT. LG 

WZ 

25 7 1010490-***. SLEEVING-HEAT SHRINK* 

26 7 1010490-058 SLEEVING-HEAT SHRINK. 

9 

27 -4X 1010490-084 SLEEVING-HEAT SHRINK* 































LIST OF MATERIALS 


ITEM 

28 

OTY 

12 

PART NO 

1000243- 5 

DESCRIPTION 

FERRULE* INNER 


29 



DELETED (1000242- 5) 


30 

130 

1006776- 18 

INSULATION* SLEEVING .31 

LG 

31 

49 

1006776- 16 

INSULATION* SLEEVING .31 

LG 

32 

8 

1010717- 1 

terminal LUG 


33 

1 

1000267 

BRACKET 


34 

1 

1000226 

BRACKET 


35 

1 

1000149 

BRACKET 


36 

AR 

QQ-S-571 

SOLDER (SN60MARP2) 


37 

AR 

MIL-T-713 

TAPE* NYLON* MAXED* TY®E 

P. 

~ 38 

9 

1010490-002 SLEEVING, HEAT SHRINK 


39 

24- 

1010490-080 

SLEEVING, HEAT SHRINK 



MANNIO SIZE 

SPACECRAFT 

CENTER A 

HOUSTON, TEXAS ” 

SCALE - NONE REV LTR 
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SCALE-NONE 


GGH 


HcNNAN 
NOTE 
12 
13 


Oc'»c«Al -\CTc.j 


*I»E harness A 

* 


A 


LtNsjTHo IN CONDUCTOR CHART ARE FOR RtF ERtNCfc ONLY 

SEE DETAILS b AND C ON CONFIGUKATI ON SHEtT FOR METHODS OF 

terminating shields 

IDENTIFY USING DRAWING NO.# REVISION LETTER AND MANUFACTURERS 
SYMbOL PER ND 1002s-19 AND SERIALIZE PER N01Gu2023# 


1001474 


14 












GOH 
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LIST OF MATERIALS 


HIRE HARNESS A 


NOTE ITEM OT1 
1 

2 

3 

4 

9 

4 

7 

• 

♦ 

10 

11 

12 


PART NO 
1010416- 

1010416- 

1010414- 

1010416- 

1010416- 

1010414- 

1010416- 

1010416- 

1010416- 

1010416- 

1010776- 

1010776* 


1 

3 

9 

6 

7 

4 

6 

9 

10 

2 

1 

2 


DESCRIPTION 

WIRE* NIL-W-16878E28* 28AWG* BLK* 20 FT 
4*29 IN* TOT* LG 

WIRE* MIL-W-16878E28* 28AWG. RED* 11 FT 
11*12 IN* TOT* LG 

WIRE* MIL—W-16878E28• 28AWG* GY* 8 FT 9*66 IN* 
TOT* LG 

WIRE* MIL—W-16876E26* 28AWG* VIO* 7 FT 3*29 IN* 
TOT* LG 

WIRE* MIL-W-16878E28* 28AWG* BLU* 9 FT 6*79 IN* 
TOT* LG 

WIRE* MIL—W-16878E28. 28AWG* OWN* 6 FT 
10*29 IN* TOT* LG 

WIRE* MIL-W-16878E28. 28AWG* GRN* 29 FT 
7*13 IN* TOT* LG 


WIRE* MIL—W-16878E28* 28AWG* YEL* 22 FT 
4.79 IN* TOT* LG 

WIRE* MIL-W-16878E2S. 28AWG* WHT* 4 FT 
11*86 IN* TOT* LG 

WIRE* MIL-W-16676E28* 28AWG* BRN* 2 FT 6*79 IN* 
TOT* LG 

WIRE* SMIELDEO* 28AWG* 1 COND 9 FT 8*77 IN* 

TOT* LG 

WIRE* SHIELDED* 28AWG* 2 COND 10 FT 7*9 IN* 

TOT* LG 


MANNED 

SPACECRAFT 

CENTER 

HOUSTON, TEXAS 


SCALE-NONE 


SIZE 

A 


REV LTR 


A 


1001474 


|SHEET 




ML 


6QH ___WIRE HAR»ESS__A 

pennant LIST of materials 


ITEM OTY 

PART NO 

DESCRIPTION 

28 

12 

1000243- 9 

FERRULE* INNER 

29 



DELETED <1000242- 91 

30 

130 

1006776- 18 

INSULATION. SLEEVING .31 LG 

31 

49 

1006776- 14 

INSULATION* SLEEVIN6 *31 LG 

32 

8 

1010717- 1 

terminal LUG 

33 

1 

1000267 

BRACKET 

34 

1 

1000224 

BRACKET 

39 

1 

1000149 

BRACKET 

36 

AR 

00-S-971 

SOLDER < SN60WARP2) 

37 

AR 

MIL-T-713 

TAPE* NYLON* WAXED* TYPE P* CLASS 2* BLACK 

38 

9 

1010490-062 

SLEEVING* HEAT SHRINK 

39 

24 

1010490-080 

SLEEVING* HEAT SHRINK 


1001474 


MANNED 


SIZE 


SPACECRAFT 

CENTER A 

HOUSTON, TEXAS 


SCALE-NONE \ REV LTR 


& 


1001474 


SHEET 



GOH_ 


PENNANT 

NOTE ITEM OT 


_WIRE HARNESS 


LIST OF MATERIALS 

PART NO DESCRIPTION 


1010776- 3 

WIRE* SHIELDED* 28AWG* 3 COND 
TOT* LG 

1 FT 4*0 IN* 

1000121 

CONNECTOR* RECEPTACLE 


1000122 

CONNECTOR* RECEPTACLE 

, 

1010316- 1 

CONNECTOR* PLUG 


1010472- 1 

CONNECTOR* PLUG 


1000120 

CONNECTOR* PLUG 


1001474- 11 

SHIELD-WIRE* OO-B-979* <7/64 
6*62 IN* LG 

1 D 36AWGI* 

1001474- 12 

SHIELD-WIRE* OO-B-979. <7/64 
9*00 IN* LG 

I D 36AWGI* 

1001474- 13 

SHIELD-WIRE* OO-B-979* <7/64 
4*62 IN* LG 

I D 36AWG)* 

1001474- 14 

SHIELD-WIRE* OO-B-979* <7/64 
16*90 IN* L6 

I D 36AWGI* 

1001474- 19 

SHIELD-WIRE* OO-B-979* <7/64 
4*12 IN* LG 

I D 36AWGI* 

1010490-969 

SLECVING-HEAT SHRINK* WHT* 99 

• IN* TOT* LG 

1010490-112 

SLEEVING-HEAT SHRINK* 


1010490-098 

SLEEVING-HEAT SHRINK* 


1010490-084 

SLEEVING-HEAT SHRINK* 



MANNCO 

SPACECRAFT 

SIZE 


CENTER 
HOUSTON. TtXAS 

A 


SCALE-NONE 

REV LTR 
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1. general; 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN 
NDI0I5404 CLASS 3 

C. IDENTIFY USING DWG NO., APPLICABLE DASH N0.,REVISI0N LETTER 8 MANUFACTURERS 
SYMBOL PER ND 1002019. MANUFACTURERS NAME 8 PART NO. MAY ALSO BE USED 

D. SCREWS SHALL MEET ALL REQUIREMENTS OF FF-S-86 TYPE 2ZT EXCEPT AS SPECIFIED BELOW 

2. DESIGN REQUIREMENTS: 

A. MATERIAL:SCREW; 410 CRES PER MIL-S-862 CLASS 3 . 

INSERT: GREEN POLYCAP NYLON PER QPL18240 

B. FINISH:SCREWs PASSIVATE PER MIL-F-14072 FIN E-300 

C. HARDNESS: SCREW; Rc 38-43 

D. insert: 

I.SHALL MEET THE REQUIREMENTS OF MIL-F-18240 TYPE B 

E. DIMENSIONS: AS SHOWN ON DELINEATION 8 CHART 

F. SCREW SHALL BE FREE OF ALL BURRS 

G. SCREW HEAD 8 SOCKET TO BE FORMED BY COLD-HEADING. THREADS TO BE 
FORMED BY ROLLING 

3.SCREWS MAY BE MADE FROM NASA DWG NO. 1001489 
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U GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS 
SPECIFIED IN ND1015404 CLASS 3 

C. IDENTIFY USING DRAWING NUMBER, APPLICABLE DASH NO. , REVISION 
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A. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS 
SPECIFIED IN NDIOI5404 CLASS 3 
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LETTER $ MANUFACTURERS SYMBOL PER ND1002019 MANUFACTURERS 

~ NAME AND PART NO. MAY ALSO BE USED. 
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OF FF-S-86 TYPE VL 


2. INSPECTION £ ACCEPTANCE. 
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A. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327 
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RBJUIRBCXTS: 

1. GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE WITN STANDARDS PRESCRIBED IN MIL-D-70327. 

B. SUPPLIERS SMALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN NO 1015404, CLASS 2, 

C. UNITS SMALL BE CAPABLE OF MEETIN6 ALL QUALIFICATION REQUIREMENTS SPECIFIED IN NO 1002052. 

B. UNITS SMALL MEET THE MATERIAL ANO PERFORMANCE REQUIREMENTS OF MIL-C-2G482. TYPE NS 5114H-10- 2P. 

EXCEPT FOR SHELL PLATING. 

I. MRKIM6: UNITS MO SNIPPING CONTAINERS SHALL OE T ^ Y 

NASA DRAWING NUMBER, DASH NUMBER ANO REVISION LETTER. THE MANUFACTURER S PART NUMBER MAY APPEAR 

. ON THE UNIT OR CONTAINER. 

F. UNIT SMALL BE SUPPLIED WITH PROTECTIVE COVER NASA DRAWING NUMBER 1001495. 

2. INSPECTION AND ACCEPTANCE: 

A. DIMENSIONS: AS SHOWN 

B. DIELECTRIC WITHSTANDING V0LTA6E (SEA LEVEL): 1500 VOLTS, RMS 

C. INSULATION RESISTANCE: 5,000 MEGOHMS MINIMUM AT 500 VDC 


5. DESIGN REQUIREMENTS: 

A. CONNECTOR: RECEPTACLE, SOLDER TERMINALS, REAR N0UNTIN6 WITH NUT, BAYONET COUPLING, HERMETICALLY 
SEALED, PIN CONTACTS. 

B. OPERATING TEMPERATURE: *125*C 

C. CURRENT RATING: 5 AMPERES 

B. V0LTA6E RATING: 500 VOLTS RMS OR 700 VOLTS DC 
E. DIELECTRIC WITHSTANDING VOLTAGE (70,000 FEET): 375 VOLTS, RMS 

f'. SHELL: SHALL BE PER MIL-C-24402 EXCEPT THE PLATING SHALL BE TIN OVER COPPER PLATIN6. 

B. CONTACTS: 32 PIN CONTACTS; 120 SIZE 
N. POLARIZATION: PER TABU I 

4. CONTACT RESISTANCE: 70 MILLIVOLTS, MAXIMUM AT 5 AMPERES 

K. CONTACT MATERIAL: TIN PLATIN6 OVER NICKEL ALLOY MATERIAL 

L. O'RING MATERIAL: EXTERNAL PACKING: NEOPRENE RUBBER PER MS29513-2B 

INTERNAL PACKING: SILICONE RUBBER 
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1. GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BT MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE REQUIREMENTS OF NtL-C-8384, EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN 
NO 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED 
IN ND 1002052 UNLESS MODIFIED OR AMMENDEO BY THE DESIGN REQUIREMENTS 
SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001497), REVISION LETTER. DASH NUMBER (IF ANY), 

THE MANUFACTURER’S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING 
DATE OR CODE. 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001497), REVISION LETTER, 

AND DASH NUMBER (IF ANY) SHALL BE MARKED ON THE PART PER M1L-STD-130. 

2. ■ ACCEPTANCE AND INSPECTION 

A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 750 VOLTS, RMS HlN* 

B. INSULATION RESISTANCE: ZOOK MEGOHMS, MINIMUM AT 500 VOLTS DC. 

3. DESIGN REQUIREMENTS: 

A. MAXIMUM WORKING VOLTAGE: 250 VOLTS DC. 

DIELECTRIC WITHSTANDING VOLTAGE; 100,000 FEET: 500 VOLTS,RMS. 

C. CURRENT RATING: 3 AMPERES RMS, MINIMUM. 

D. CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

£. INSERTION AND WITHDRAWAL FORCE (WITH MATING CONNECTOR): 2 OUNCES MIMIMUM- 
4 OUNCES MAXIMUM, PER CONTACT. 

F. CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT, THE CONTACT 

VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

6. DIELECTRIC MATERIAL: DIAU.VL PHTHALATE, GLASS FILLED PER MIL-M-14, TYPE SDG. 

H. LEADS: SHALL BE #28 STRANOED LEADS. TEFLON INSULATED, PER MIL-W-1M78, 

TYPE ET, COLOR CODED PER TABLE l. 

I. CAPTIVE SCREW: #2-56NC-2A CAPTIVE SCREW; STEEL, WITH A CADMIUM PLATE. 

J. MOUNTING PLATE: BRASS, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 

K. STUD: I2-5GNC-2B TAPPED STUD; STEEL, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 
INTERNAL THREADS TO BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENEO SECURELY AND 
HERMETICALLY SEALED TO MOUNTING PLATE. 

L. VIBRATION: DURING VIBRATION PER ND 1015404, DISCONTINUITY SHALL BE 1 MICROSECOND OR LESS. 
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1. GENERAL: 
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A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE REQUIREMENTS OF NIL-C-8384, EXCEPT AS 
AND IN ADDITION.TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404, CUSS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED 
IN ND 1002052 UNLESS MODIFIED OR AMMENDED BY THE DESIGN,REQUIREMENTS 
SECTION (3) OF.THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001497). REVISION LETTER, DASH NUMBER (IF ANY). 

THE MANUFACTURER’S NAME OR SYMBOL,.LOT OR SERIAL NUMBER AND THE MANUFACTURING 
DATE OR CODE. 

F. NARKING: THE MANUFACTURER’S NAME OR SYMBOL, DRAWING NUMBER (1001497), REVISION LETTER, 

AND DASH NUMBER.(IF ANY) SHALL BE MARKED ON THE PART PER MIL-STD-130. 

2. - ACCEPTANCE AND INSPECTION \ 

A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 750 VOLTS, RMS tfW* 

B. INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC. 

3. DESIGN REQUIREMENTS: 

A. MAXIMUM WORKING VOLTAGE: 250 VOLTS DC. 

.B. OIGLECTRIC WITHSTANDING VOLTAGE; 100,000 FEET: 500 VOLTS.RMS. 

C. CURRENT RATING: 3 AMPERES RMS, MINIMUM. 

0. CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

C. INSERTION AND WITHDRAWAL FORCE (WITH MATING CONNECTOR): 2 OUNCES MINIMUM- 
4 OUNCES MAXIMUM, PER CONTACT. 

F. CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT, THE CONTACT 
VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

G. DIELECTRIC MATERIAL: DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-14, TYPE SDG. 

H. LEADS: SHALL BE 128 STRANDED LEADS, TEFLON INSULATED, PER MIL-W-1G878. 

TYPE ET, COLOR CODED PER TABLE X. 

I. CAPTIVE SCREW: I2-5GNC-2A CAPTIVE SCREW; STEEL, WITH A CADMIUM PLATE. 

J. MOUNTING PUTE: BRASS, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 

K. STUD: I2-5GNC-2B TAPPED STUD; STEEL. WITH FUSED ELECTRO-TIN ON CADMIUM PUTE OVER COPPER FUSH. 
INTERNAL THREADS TO BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND 
HERMETICALLY SEALED TO MOUNTING PUTE. 

L. VIBRATION: DURING VIBRATION PER NO 1015404, DISCONTINUITY SHALL BE 1 MICROSECOND OR LESS. 
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NOTICE — WHEN aOVERNMCNT WAWINM. SPECIPICATIOIIt. M OTHER DATA 
ARC USED TOR ART PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY 
BELATED COVERNNENT PROCUREHENT OPERATION. THE UNITED STATES GOVERN¬ 
MENT THEREBY INCURS NO RESPONSIBILITY NOR ANY OBLIGATION WHATSOEVER; 
ABO THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED. FURNISHEO. OB 
IN ANY WAY SUPPLIED THE SAID DRAWINGS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO BE REGARDED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSING THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY¬ 
ING ANY RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL AMY 
PATENTED INVENTION THAT NAT IN ANT WAY BE RCLATCO THERETO. 



REVISIONS 


DESCRIPTION 


REPLACES SHEET I REV B 


I WITH CHANGES IQg? 


■- w 

0 unfl 


REQUIREMENTS: 


GENERAL 


INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

UNITS SHALL BE CAPABLE OF MEETING THE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN NO 1015404, CLASS 2. 
UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED*IN NO 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 
.PACKAGING AND PACKING:UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001491). REVISION LETTER, DASH NUMBER f “ 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 
MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001491), REVISION 
LETTER AND DASH NUMBER SHALL BE MARKED ON THE UNIT PER ND 1002019. 


ACCEPTANCE AND INSPECTION 


DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF M3L-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 
DIMENSIONS AS SPECIFIED HEREIN. 

100% INSPECTION: INSPECT OPTICALLY FOR EVIDENCE OF CRACKS, BURRS, LOOSE CONTACTS, 

CONTACT ALIGNMENT. VOIDS,FLAWS OR ANY FOREIGN MATTEL DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 


DESIGN REQUIREMENTS: 

MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 
CURRENT RATING: 3 AMPERES RMS MINIMUM 

CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE IQUAL TO THE PRODUCT OF 
THE NUMBER OF CONTACTS X 7.5 OUNCES OR A WITHDRAWAL FORCE EQUAL TO THE PRODUCT 
OF THE NUMBER OF CONTACTS X 1 OUNCE. 

CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTOR AT 120 CYCLES/HOUR MAX. 
THE CONTACT VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-30- 
LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED, PER-*1L-W-16878. TYPE ET, 

COLOR COOED PER TABLE I. i 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL P$LL(APPLIED GRADUALLY)FOR 10 SECONDS. I 

CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 

MOUNTING PLATE: BRASS. TIN PLATED PER MIL-T-10727, TYPE I OVER COPPER FLASH. 

STUD: STEEL, TIN PLATED PER MIL-T-10727, TYPE I OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 

TO MOUNTING PLATE. .-,-,- 
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NOTICE - WHKN SOVERNMCNT DRAWINGS. SPCC1FICAYIONS. OH OTHER DATA 
ARE USED FOR ARY FURFOSE OTHER THAR IN CONNECTION WITH A DEFINITELY 
RELATED DOVERNMENT PROCUREMENT OPERATION. THE UNITED STATES COVERN- 
MENT THERERY INCURS NO RESFONSIRIUTY NOR ANY ORLI6ATION WHATSOEVER: 
AMO THE FACT THAT THE COVERNMEHT MAY HAVE FORMULATEO. IURNISHEO. OR 
IN ANY WAY SUPPLIED THE SAID DRAWINSS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO RE RECARDED RY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSINC THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY- 
INC ANY RICHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL ANY 
PATENTED INVENTION THAT NAY IN ANY WAY RE RELATEO THERETO. 


L. VIBRATION: DURING VIBRATION PER 1002052, DISCONTI NUN ITY SHALL BE 0-1 MICROSECOND 
OR LESS. AT 100 MA DC FOR MATED CONNECTORS. 

M. CONTACT RESISTANCE: 10 MILL I OHMS MAX AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (MATED.PAIRS) 

N. TEMPERATURE OPERATING: -55°C TO +150 # C. 


_ REVISIONS 

DESCRIPTION 


jpyy 

I DATE I APPROVAL. 


THIS SHEET ADDED t0 97 < 


MW- 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100* INSPECTION) ALL PIN CONTACTS SHALL BE TESTED WITH A 

STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 +0001 AND FINISH OF 16 

-0000 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE TEST SLEEVE SHALL BE .5 OUNCES +.1 

-.0 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED ON THE CONTACTS PRIOR TO ASSEMBLY WITH THE CONNECTOR BODY. 
THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PPIOR TO 
shipment: . 

(1) TENSILE STRENGTH: 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 
INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE 

FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 

REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END. 


\l 



PIN 


SOCKET 

WIRE 

CONTACT 

WIRE 

WIRE 

SIZE 

END (MIN) 

EN0 (MIN) 

END (MIN 

28 

3.0 LBS 

4.0 LBS 

4.0 LBS 


( 2 ) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 
THE PIN ENGAGING END OF THE SOCKET. INTERMATABILIT 


8 OUNCES MINIMUM SHALL BE APPLIED AT 
TY AND PERFORMANCE SHALL NOT BE 


IMPAIRED. 


C MATING AND CLEANING: (100% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND T^EN 

ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT ’ 

OF CONTACTS. 
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REVISIONS 


NOTICE — WHEN ROVERNNCNT QRAWINRR. RPfCIFICATIONS. OR OTHER DATA 
ARE USED FOR ANT PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY 
RELATED GOVERNMENT PROCUREMENT OPERATION. THE UNITED STATES GOVERN¬ 
MENT THERERT INCURS NO RESPONSIRILITY NOR ANT ORLIGATION WHATSOEVER; 
AMO THE FACT THAT THE GOVERNMENT NAT HAVE FORMULATED. FURNISHED. OR 
IN ANT WAT SUPPLIED THE S*IO DRAWINGS. SPECIFICATIONS OR OTHER DATA It 
NOT TO RE REGARDED »Y IN. 'CATION OR OTHERWISE AS IN ANT MANNER 
LICENSING THE HOLDER OR ANT OTHER PERSON OR CORPORATION. OR CONVEY¬ 
ING ANT RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL ANY 
PATENTED INVENTION THAT MAT IN ANY WAY RE RELATED THERETO. 


REQUIREMENTS: 


I.’. 

A. 

• 

C. 

D. 

E. 


F. 


GENERAL 


INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. 

AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. , . _ 

SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404 


EXCEPT AS 


CLASS 2. 


UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 
PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001497). REVISION LETTER, DASH NUMBER 
THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 
MARKING: THE MANUFACTURER'S NAME OR SYMBOL. DRAWING NUMBER (1001497). REVISION 
LETTER AND DASH NUMBER ??*) SHALL BE MARKED ON THE UNIT PER ND 1002019. 


2.. ACCEPTANCE AND INSPECTION 


A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF M(lL—STD-202 

B. INSULATION RESISTANCE: 200K MEGOHMS. MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 

C. DIMENSIONS AS SPECIFIED HEREIN. 

D. 100* INSPECTION: INSPECT OPTICALLY FOR EVIDENCE OF CRACKS. BURRS. LOOSE CONTACTS. 

CONTACT ALIGNMENT, VOIDS,FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 



3. 


F. 


DESIGN REQUIREMENTS: 

MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,0OO FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 
CURRENT RATING: 3 AMPERES RMS MAXIMUM 

CONTACT VOLTAGE DROP: 25 MILL'IVOLIS, MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 

THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE LESS THAN A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 
OF THE UJMBER OF CONTACTS X 1 OUNCE. 

CONTACT LIFE- AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTOR AT 120 CYCLES/HOUR MAX. 
THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN 
DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-38. 

LEADS: SHALL BE 28 STRANDED WIRE. TEFLON INSULATED, PER-*IL-W-16878. TYPE ET, 

COLOR COOED PER TABLE I. 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PflLL(APPLIED GRADUALLY)FOR 10 SECONDS. 

CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 

MOUNTING PLATE: BRASS, TIN PLATED PER MIL-T-10727, TYPE I , FUSED OVER COPPER FLASH. 

STUD: STEEL, TIN PLATED PER MIL-T-10727, TYPE I , FUSED OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 
TO MOUNTING PLATE. 
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L. VIBRATION: DURING VIBRATION PER NO 1002052, 01SC0NTINUNITY SHALL BE o.l MICROSECOND 

OR LESS. AT 100 MA DC FOR MATEO CONNECTORS. - oa.dcT 

A. CONTACT RESISTANCE: 10 MILL I OHMS MAX AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (MATED— PAIRS l 

H. TEMPERATURE OPERATING: -55 # C TO +150°C. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

A. CONTACT SEPARATION: (100% INSPECTION) ALL PIN CONTACTS SHALL BE TESTED WITH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 ♦OOOIj AND FINISH OF Ifc 
MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE TEST SLEEVE SHALL BE .5 OUNCES + J 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY WITH THE CONNECTOR BODY. 

B. THE FOLLOWING LOT SAMPLE TESTS SHALL .BE MADE PPIOR TO 
shipment: 

(1) Se S crimped E assemblies from each tool shall be sampled PER MIL-STD-414 

INSPECTION LEVEL IV. AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 

FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
'SHALLBEWITHINTHE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 

REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END. 


SOCKET 

WIRE CONTACT WIRE WIRE 

SIZE END (min) _ END (MIN) _ END (MIN) 

28 3.0 LBS ” 4.0 LBS _ 4.0 LBS 

f?)SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
'■THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 

IMPAIRED. 

C MATING AND CLEANING: (100% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND ThEN 
ULTRASON ICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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REQUIREMENTS: 

, . GENERAL 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY Mll-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. .PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001491). REVISION LETTER, DASH NUMBER ' 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
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ACCEPTANCE AND INSPECTION 

A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF MIL-STD-202 

B. INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 

C. DIMENSIONS AS SPECIFIED HEREIN. 

D. 100% INSPECTION: INSPECT OPTICALLY 10 X MAGNIFICATION FOR EVIDENCE OF CRACKS,BURRS, LOOSE CONTACTS, 
CONTACT ALIGNMENT, VOIDS,FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 

THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 

FOREIGN PARTICLES. x 

3. . DESIGN REQUIREMENTS: 

A. MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

B. DIELECTRIC WITHSTANDING VOLTAGE: 100.000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 

C. CURRENT RATING: 3 AMPERES RMS MAXIMUM 

D. CONTACT VOLTAGE DROP: 25 MILLIVOLIS, MAXIMUM AT 3 AMPERES DC. 

E. INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 

THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE LESS THAN A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 
OF THE NUMBER OF CONTACTS X 1 OUNCE.I NIT I ALLY - 0.5 OUNCES AFTER LIFE. 

F. CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTOR AT 120 CYCLES/HOUR MAX, 

THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

G. DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-30. 

H. LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED, PER MIL-W-16878. TYPE ET, 

COLOR CODED PER TABLE I. 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PULL (APPLIED GRADUALLY)FOR 10 SECONDS. 

I. CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 

J. MOUNTING PLATE: BRASS, TIN PLATED PER MIL-T-10727, TYPE I, FUSED OVER COPPER FLASH. 

K. STUD: STEEL. TIN PLATED PER MIL-T-10727, TYPE I, FUSED OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 

TO MOUNTING PLATE. ___ 
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L. VIBRATION; DURING VIBRATION PER ND 1002052, DISCONTINUNITY SHALL BE 0-1 MICROSECOND 
OR LESS. AT 100 MA DC FOR MATED CONNECTORS. 

M. CONTACT RESISTANCE: 10 Ml LLI0HMS MAX AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (MATED _ PA IRS ) 

N. TEMPERATURE OPERATING: -55°C TO +150°C. 
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A. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100% INSPECTION) ALL PIN CONTACTS SHALL BE TESTED WITH A 


B. 


STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 +00dl AND FINISH OF 16 

-0000 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE TEST SLEEVE SHALL BE .5 OUNCES +.1 

-.0 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY WITH THE CONNECTOR BODY. 

THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PPIOR TO 

shipment: 

(1) TENSILE STRENGTH: 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 

INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 

FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 

REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMP I, T OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END. 



PIN 

SOCKET 

WIRE 

CONTACT 

WIRE 

WIRE 

SIZE 

END (MIN) 

END (MIN) 

END (MIN) 

28 

3.0 LBS 

4.0 LBS 

4.0 LBS 


(2) 


SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 

THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 
IMPAIRED. 


MATING AND CLEANING: (100% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 
ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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REQUIREMENTS: 

GENERAL 

A INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 

c! SSpIMTcSfJS »?»?“?!!« SPEC,mo .. » 10*04. CLOSS 1. 

0. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPEC!FIED *J [J^J. 002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING:UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
* MARKED WITH THE DRAWING NUMBER (1001491). REVISION LETTER, DASH NUMBER f 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
/ OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND I0022l5r, CLASS I 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001491), REVISION 

LETTER AND DASH NUMBER SHALL BE MARKED ON THE UNIT PER ND 1002019. 
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WITH CHANGES |OPf 
' REVISED PER TDRR 11142 
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ACCEPTANCE AND INSPECTION 
DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF M'JL-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 

DIMENSIONS AS SPECIFIED HEREIN. rnwTArT<; 

100* INSPECTION: INSPECT OPTICALLY 10 X MAGNIFICATION FOR EVIDENCE OF CRACKS,BURRS, LOOSE CONTACTS, 
CONTACT ALIGNMENT, VOIDS.FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 


DESIGN REQUIREMENTS: 

MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 
CURRENT RATING: 3 AMPERES RMS MAXIMUM 

CONTACT VOLTAGE DROP: 25 MILLIVOLIS, MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 

THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE LESS TMAM A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 

OF THE NUMBER OF CONTACTS X 1 OUNCE.INITIALLY - 0.5 OUNCES AFTER LIFE. ' „ /Llrtll _ „ AV 

CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTOR AT 120 

THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 
DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-I4,TYPE SDG 
LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED, PER-MIL-W-16878. TYPE ET. 

COLOR COOED PER TABLE I. 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL POLL(APPLIED GRADUALLY)FOR 10 SECONDS. 

CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 

MOUNTING PLATE: BRASS. TIN PLATED PER MIL-T-10727. TYPE I , FUSED OVER COPPER FLASH. 

STUD: STEEL. TIN PLATED PER MIL-T-10727. TYPE I , FUSED OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 

TO MOUNTING PLATE. i | I unless otherwise SP 
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L. VIBRATION: OUR I NO VIBRATION PER NO 1002052. DISCONTINUNITY SHALL BE Q.1 MICROSECOND 

OR LESS. AT 100 MA DC FOR MATEO CONNECTORS. , mT „ DAlD ,,T 

M. CONTACT RESISTANCE: 10 MILL I OHMS MAX AT 100 MADC TEST PER MIL-STD-202, METHOD 307. I M AT ED PA IRS 1 

N. TEMPERATURE OPERATING: -55°C TO ♦150 , C. 


. . SPECIAL REQUIREMENTS: (BY SUPPLIER) 

A. CONTACT SEPARATION: (100* INSPECTION) ALL PIN CONTACTS SHALL BE TESTED WITH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 +000^ flND FINISH OF 16 
MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE TEST SLEEVE SHALL BE .5 OUNCES O 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY WITH THE CONNECTOR BODY. 

B. THE FOLLOWING LOT SAMPLE TESTS SHALL_BE MADE PPIOR TO 

SHIPMENT! . 

- 1 * THE^CIHMPED^ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 

INSPECTION LEVEL IV. AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 

FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 

REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER. 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION. ANO BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END. 
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CONTACT 

END 

3.0 LBS 


4.0 LBS 


SOCKET 


4.0 LBS 


(?) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
' THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 

t IMPAIRED. 

C MATING AND CLEANING: (100% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 
ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET ORAUING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY HIL-D-70327. 
UNITS SHALL BE CAPABLE OF NEETING THE REQUIREHENTS OF HIL-C-8384, EXCEPT AS 


B. 


D. 


E. 


F. 


| REVISIONS | 

EZI 


DATS 


/r 



uses 






AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN 
NO 1015404, CLASS 2. 

UNITS SHALL BE CAPABLE OF NEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED 
IN NO 1002052 UNLESS MODIFIED OR AMMENDEO BY THE DESIGN REQUIREMENTS 
SECTION (3) OF THIS ORAWING. 

PACKAGING ANO PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE ORAWING NUMBER (1001498), REVISION LETTER, DASH NUMBER (IF ANY), 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING 
OATE OR CODE. 

NARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION LETTER, 
AND DASH NUMBER (IF ANY) SHALL BE MARKEO ON THE PART PER MIL-STD-130. 


2 . 


3. 


ACCEPTANCE AND INSPECTION 

A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 750 VOLTS, HNS Mlfc 

B. INSULATION RESISTANCE: ZOOK MEGOHMS, MINIMUM AT 500 VOLTS DC. 

DESIGN REQUIREMENTS: 

A. MAXIMUM WORKING VOLTAGE: 250 VOLTS DC. 

01ELECTRIC WITHSTANDING VOLTAGE; 100,000 FEET: 500 VOLTS RMS. 

CURRENT RATING: 3 AMPERES RMS, MINIMUM. 

CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

INSERTION ANO WITHDRAWAL FORCE (WITH MATING CONNECTOR): 2 OUNCES MINIHUM- 
4 OUNCES MAXIMUM, PER CONTACT. 

CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT ANO DISENGAGEMENT THE CONTACT 


B. 

C. 
0. 
E. 


F. 

VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

G. 01ELECTRIC MATERIAL: DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-14, TYPE SDG. 

H. LEAOS: SHALL BE 128 STRANDED LEADS, TEFLON INSULATED. PER MIL-W-16878, 

TYPE ET,.COLOR CODED PER TABLE I. 

X. CAPTIVE SCREW: I2-5BNC-2A CAPTIVE SCREW; STEEL. WITH A CADMIUM PLATE. 

J. MOUNTING PLATE: BRASS, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 

K. STUD: I2-56NC-2B TAPPED STUD; STEEL, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 
INTERNAL THREADS TO BE FREE OF ELECTRO-TIN PLATING. STUO SHALL BE FASTENED SECURELY AND 
HERMETICALLY SEALED TO MOUNTING PLATE. 

L. VIBRATION: DURING VIBRATION PER NO 1015404, DISCONTINUITY SHALL BE 1 NICROSECONO OR LESS. 
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REQUIREMENTS: 

1. GENERAL: 


A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE REQUIREMENTS OF MIL-C-8384, EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED 
IN ND 1002052 UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS 
SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001498), REVISION LETTER, DASH NUMBER (IF ANY), 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING 
DATE OR CODE. 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION LETTER, 
AND DASH NUMBER (IF ANY) SHALL BE MARKED ON THE PART PER MIL-STD-130. 

2. ACCEPTANCE AND INSPECTION 

A. DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 750 VOLTS, RMS Hllf* 

B. INSULATION RESISTANCE: BOOH MEGOHMS, MINIMUM AT 500 VOLTS DC. 

3. DESIGN REQUIREMENTS: 

A. MAXIMUM WORKTNG VOLTAGE: 250 VOLTS DC. 

B. DIELECTRIC WITHSTANDING VOLTAGE; 100,000 FEET: 500 VOLTS RMS. 

C. CURRENT RATING: 3 AMPERES RMS, MINIMUM. 

D. CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

E. INSERTION AND WITHDRAWAL FORCE (WITH MATING CONNECTOR): 2 OUNCES MININUM- 
4 OUNCES MAXIMUM, PER CONTACT. 

F. CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT THE CONTACT 

VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

G. DIELECTRIC MATERIAL: DIALLYL PHTHALATE, GLASS FILLED PER MlL-M-14, TYPE SDG. 

H. LEADS: SHALL BE 128 STRANDED LEADS, TEFLON INSULATED, PER MIL-W-16878, 

TYPE ET,.COLOR CODED PER TABLE X. 

X. CAPTIVE SCREW: I2-5GNC-2A CAPTIVE SCREW; STEEL, WITH A CADMIUM PLATE. 

J. MOUNT IN6 PLATE: BRASS, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER FLASH. 

K. STUD: I2-5GNC-2B TAPPED STUD; STEEL, WITH FUSED ELECTRO-TIN ON CADMIUM PLATE OVER COPPER 

INTERNAL THREADS TO BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND 

HERMETICALLY SEALED TO MOUNTING PLATE. 

L. VIBRATION: DURING VIBRATION PER ND 1015404, DISCONTINUITY SHALL BE 1 MICROSECOND OR LESS. 
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NOTICE — WHEN •OVERNMCNT DRAWINGS. SPECIFICATIONS. OR OTHER DATA 
ARE USED FOR ART PURPOSE OTHER THAR IR COHHCCTIOR WITH A DEFIRITELY 
RELATED GOVERNMENT PROCUNEMENT OPERATIOR. THE URITED STATES GOVERN- 
■ENT THERERT INCURS NO RESPONSIBILITY NOR ANY ONLICATION WHATSOEVER; 
ANO THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED. FURNISHED. OR 
IN ART WAY SUPPLIEO THE SAID DRAWINGS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO BE REGARDED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSING THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY¬ 
ING ANY RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL ANT 
PATENTED INVENTION THAT NAT IN ANY WAY RE RELATED THERETO. 
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A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001498). REVISION LETTER, DASH NUMBER 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER ANO THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION 

LETTER AND DASH NUMBER SHALL BE MARKED ON THE UNIT PER ND 1002019. 


ACCEPTANCE AND INSPECTION 
DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL:, 900 VOLTS RMS MINIMUM PER METHOD 301 OF MIL-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 
DIMENSIONS AS SPECIFIED HEREIN. 

100* INSPECTION: INSPECT OPTICALLY FOR EVIDENCE OF CRACKS, BURRS, LOOSE CONTACTS, 

CONTACT ALIGNMENT, VOIDS, FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 


DESIGN REQUIREMENTS: 

MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 17S VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 
CURRENT RATING: 3 AMPERES RMS,MINIMUM. 

CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 
THE NUMBER OF CONTACTS X 7.5 OUNCES OR A WITHDRAWAL FORCE EQUAL TO THE PRODUCT 
OF THE NUMBER OF CONTACTS X 1 OUNCE. 


CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTORS "AT 120 CYCLES/HOUR MAX, /«\ nppi A^CC CUCpT \ new o WITH PHANC5FQ 

THE CONTACT VOLTAGE DROP AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. r\C.r I i rvuv D VVI I n wnHi’ivjc.O 


DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-30. 
LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED, PER MIL-W-16878. TYPE ET, 

COLOR CODED PER TABLE I. j 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PULL (APPLIED GRADUALLY)FOR 10 SECONDS. 

CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 
MOUNTING PLATE: BRASS, TIN PLATED PER MIL-T 7 10727, TYPE I OVER COPPER FLASH. 

STUD: STEEL. TIN PLATED PER MIL-T-10727, OVER COPPER FLASH. INTERNAL THREADS TO 

BE FREE OF ELECTRO-TIN P.LATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 
TO MOUNTING PLATE. 
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DESCRIPTION 


THIS SHEET ADDED 

TDRR idgys" _ 


L. VIBRATION: DURING VIBRATION PER NO 1002052, DISCONTINUITY SHALL BE 0.1 MICROSECOND 
OR LESS, AT 100 MA DC FOR MATED CONNECTORS. 

M. CONTACT RESISTANCE: 10 MILLI OHMS MM: AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (HATED PAIRS) 

N. TEMPERATURE OPERATING: -55 # C TO ♦150 , C. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100%*INSPECTION) ALL PIN CONTACTS SHALLBE TESTED WITH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 AND FINISH OF 16 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE !£Sf SLEEVE SHALL BE .5 OUNCES +.J 

WHEN THE ttKMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED ON THE CONTACTS PRIOR TO ASSEMBLY WITH ItttONNECTOR BODY. 

THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PRIOR TO- 

shipment: 

(1) TENSILE STRENGTH: 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 
INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE 
FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
r SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 
REJECTED. ASSEMBLIES SHALL BE PACKAGED AND. IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END, 
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(2) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 
IMPAIRED. 

2. MATING AND CLEANING: (lOO% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 
ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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NOTICE — WHEN COVERNMCNT DRAWINGS. tPECIFICATION*. 0« OTHER DATE 
ARE USED FOR ANT PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELT 
RELATED COVERNNENT PROCURENENT OPERATION. THE UNITED STATES COVERN- 
NENT THERERT INCURS NO RESPONSIRILITY NOR ANT OCLICATION WHATSOEVER: 
AND THE FACT THAT THE COVERNNENT NAY HAVE FORMULATED. FURNISHED. OR 
IN ANT WAY SUPPLIEO THE SAID DRAWINCS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO RE RECARDED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSINC THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY- 
INC ANY RICHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL AMT 
PATENTED INVENTION THAT NAY IN ANT WAV BE RELATED THERETO. 


EEDCLKMENTCsr 

-^.^etNEWSE#'- 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404, CLASS 2. 
D UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 

UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001498). REVISION LETTER, DASH NUMBER 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION 

LETTER AND DASH NUMBER SHALL BE MARKED ON THE UNIT PER ND 1002019. 


ACCEPTANCE AND INSPECTION 
DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF MIL-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 

DIMENSIONS AS SPECIFIED HEREIN. . , ' 

100X INSPECTION: INSPECT OPTICALLY FOR EVIDENCE OF CRACKS, BURRS, LOOSE CONTACTS, 

CONTACT ALIGNMENT, VOIDS, FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF ■'* 

THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 


DESIGN REQUIREMENTS: 

MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 
CURRENT RATING: 3 AMPERES RMS, MAXIMUM 

CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL ' . 

HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 
THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE lESS THAN A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 

CONTAC^UFE* ^FTER^O^CYCLE^OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTORS’AT 120 CYCLES/HOUR MAX, 
THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 
DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-30. 

LEADS: SHALL BE 28 STRANDED WIRE. TEFLON INSULATED, PER MIL-W-16878. TYPE ET. 

COLOR CODED PER TABLE I. , , 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PULL (APPLIED GRADUALLY)FOR 10 SECONDS. 

CAPTIVE SCREW- CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 
MOUNTING PLATE: BRASS, TIN PLATED PER MIL-T t 10727, TYPE I, FUSED OVER COPPER FLASH. 

STUD- STEEL TIN PLATED PER MlL-T-10727,’WE I, FUSED OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN ELATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 
TO MOUNTING PLATE. 
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NOTICE — WHEN GOVERNMENT DRAWINGS. SPECIFICATIONS. OR OTHER DATA 
ARE USED FOR ANT PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY 
RELATED SOVERNNENT PROCUREMENT OPERATION. THE UNITED STATES GOVERN¬ 
MENT THEREBY INCURS NO RESPONSIBILITY NOR ANY OBLIGATION WHATSOEVER: 
AND THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED. FURNISHED. OR 
IN ANY WAY SUPPLIEO THE SAID DRAWINGS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO BE REGARDED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSING THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY¬ 
ING ANY RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL AMY 
PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO. 


L. VIBRATION: DURING VIBRATION PER ND 1002052, DISCONTINUNITY SHALL BE 0.1 MICROSECOND 

■ .* OR LESS, AT 100 MA DC FOR MATED CONNECTORS. , uflTrn dbibo 

M. CONTACT RESISTANCE: 10 MILL I OHMS MR* AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (MATED PAIRS) 

N. TEMPERATURE OPERATING: -55°C TO ♦150 # C. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100%'INSPECTION) ALL PIN CONTACTS SHALLBE TESTED WITH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 F ^ 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE tCSf SLEEVE SHALL BE .5 OUNCES 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY MlTH THE CONNECTOR BODY. 

THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PRIOR TO 

shipment: 

(1) TENSILE STRENGTH: 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 

INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 
FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 
REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 

and one for the wire end, 


a I 86171001 


REVISIONS 


to irr 


DESCRIPTION 


THIS SHEET ADDED PER 
TO R % lO ? 7S' _ 

REVISED PER TDRRIII4I 


u>H 


CONTACT 
END (Ml 
3.0 LBS 


4.0 LBS 


SOCKET 


4.0 LBS 


(?) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
THE PIN ENGAGING END OF THE SOCKET. INTERMATABIL1TY AND PERFORMANCE SHALL NOT BE 
IMPAIRED 

V MATING AND CLEANING: (lOO% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 
ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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NOTICE — WHEN GOVERNMENT DRAWINGS. SPECIFICATIONS. OR OTHER DATA 
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY 
RELATED GOVERNMENT PROCUREMENT OPERATION. THE UNITED STATES GOVERN¬ 
MENT THEREBY INCURS NO RESPONSIBILITY NOR ANY OBLIGATION WHATSOEVER; 
AND THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED. FURNISHED. OR 
IN ANY WAY SUPPLIED THE SAID DRAWINGS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO BE REGARDED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
LICENSING THE HOLOER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY¬ 
ING ANY RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SELL AMY 
PATENTED INVENTION THAT MAY IN ANY WAV BE RELATED THERETO. 


REQUIREMENT Sir-' • 

v .^ 6g H E R <g 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001498). REVISION LETTER, DASH NUMBER 

THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION 

LETTER AND DASH NUMBER SHALL BE MARKED ON THE UNIT PER ND 1002019. 


ACCEPTANCE AND INSPECTION 
DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF MIL-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS. MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 

DIMENSIONS AS SPECIFIED HEREIN. 

100% INSPECTION: INSPECT OPTICALLY 10 X MAGNIFICATION FOR EVIDENCE OF CRACKS, BURRS^LOOSE CONTACTS, 
CONTACT ALIGNMENT, VOIDS, FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 


3. . DESIGN REQUIREMENTS: 

A. MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

B. DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 

C. CURRENT RATING: 3 AMPERES RMS, MAXIMUM 

D. CONTACT VOLTAGE DROP: 25 MILLIVOLTS, MAXIMUM AT 3 AMPERES DC. 

E. INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL 
HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
.5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 

THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE LESS THAN A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 
OF THE NUMBER OF CONTACTS X 1 OUNCE.INITIALLY - 0.5 OUNCES AFTER LIFE 

F. CONTACT LIFE: AFTER 500 CYCLES OF ENGAGEMENT AND DISENGAGEMENT OF THE CONNECTORS AT 120 CYCLES/HOUR MAX, 
THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. 

G. DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M-19833, GDI-30. 

H. LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED. PER MIL-W-16878.• TYPE ET, 

COLOR CODED PER TABLE I. 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PULL (APPLIED GRADUALLY)FOR 10 SECONDS. 

I. CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MIL-STD-171 

J. MOUNTING PLATE: BRASS, TIN PLATED PER MIL-Tr10727, TYPE I, FUSED OVER COPPER FLASH. 

K. STUD: STEEL, TIN PLATED PER MIL-T-10727, TYPE l, FUSED OVER COPPER FLASH. INTERNAL THREADS TO 
BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AND HERMETICALLY SEALED 

TO MOUNTING PLATE. 


REVISIONS 

IYM DESCRIPTION 

C REPLACES SHEET I REV B 
WITH CHANGES IO?7& 

D REVISED PER TDRR 14141 
E REVISED PER TDPR 11997_ 

F REVISED PER TDRR 14792 


\m4\uM 


REPLACES SHEET 1 REV B WITH CHANGES 


PART OR 
IDENTIFYING NO. 


NOMENCLATURE OR 
DESCRIPTION 


LIST OF MATERIALS 


UNLESS OTHERWISE SPECIFIED M 1 T 

DIMENSIONS ARE IN INCHES INSTRUMENTATION LAB 

TOLERANCES ON pw«, »o. comtbact 

FRACTIONS DECIMALS ANGLES drawn 'TftBUO date 

“ CHECKED Ol' > 

DO NOT SCALE THIS DRAWING APPPnvAi fifty. 

“"""as shown 


PROCURE ONLY FROM APPROVED SOURCES LISTED ON 
ND 1002034 FOR THIS DRAWING 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 

CONNECTOR ELECTRICAL 

37 CONTACTS PLUG $ RECEPTACLE 

SPECIFICATION CONTROL DRAWING 


HEAT TREATMENT 


NASA APPROVAL/ 


(FINAL FINISH 


APPLICATION 


AS SHOWN 


MIT APPROVAL 




^ CODE IDENT NO. SIZE 

;_c 

- SCALE - WT 


NASA DRAWING NO. 

1001498 


SHEET I OF 3 
















- NOTICE — WHEN GOVERNMENT DRAWINGS. SPECIFICATIONS. ON OTHER DATA 
ARE USED TOR ANT PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY 
RELATED GOVERNMENT PROCUREMENT OPERATION. THE UNITED STATES GOVERN¬ 
MENT THEREBY INCURS NO RESPONSIBILITY NOR ANY OBLIGATION WHATSOEVER; 
ANO THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED. FURNISHED. OR 
IN ANY WAY SUPPLIED THE SAID DRAWINGS. SPECIFICATIONS OR OTHER DATA IS 
NOT TO RE REGAROED BY IMPLICATION OR OTHERWISE AS IN ANY MANNER 
| LICENSING THE HOLDER OR ANY OTHER PERSON OR CORPORATION. OR CONVEY. 
I ING ANY RIGHTS OR PERMISSION TO MANUFACTURE. USE. OR SILL AMY 
I PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO. 


d 86171001 


REVISIONS 

DESCRIPTION _ 

THIS SHEET ADDED P£R 

TDRR toils' _ 

REVISED PER TORR III4I 

REVISED PER TDRR 11997- _ 

REVISED PER TORR 14792 


IQjlf 


lot 


L. VIBRATION: DURING VIBRATION PER ND 1002052, 01SC0NTINUNITY SHALL BE 0.1 MICROSECOND 
* OR LESS, AT 100 MA DC FOR MATEO CONNECTORS. 

M. CONTACT RESISTANCE: 10 MILLIOHMS HA* AT 100 MADC TEST PER MIL-STD-202, METHOD 307. (MATED PAIRS) 

N. TEMPERATURE OPERATING: -55°C TO +150°C. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100%‘INSPECTION) ALL PIN CONTACTS SHALLBE TESTED WITH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 AND FINISH OF 16 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE TESf SLEEVE SHALL BE .5 OUNCES . 

WHEN THE ASSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY WITH THE CONNECTOR BODY. 

THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PRIOR TO 

SHIPMENT: 

(1) TENSILE STRENGTH: 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 

INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 
FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 
REJECTED. ASSEMBLIES SHALL BE PACKAGED AND IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END, 


CONTACT 

END 


SOCKET 


3.0 LBS 


4.0 LBS 


4.0 LBS 


(2) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 
IMPAIRED. 

MATING AND CLEANING: (lOO% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 
ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT 
OF CONTACTS. 
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A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

B. UNITS SHALL BE CAPABLE OF MEETING THE APPLICABLE REQUIREMENTS OF MIL-C-8384. EXCEPT AS 
AND IN ADDITION TO THE REQUIREMENTS SPECIFIED HEREIN. 

C. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS SPECIFIED IN ND 1015404, CLASS 2. 

D. UNITS SHALL BE CAPABLE OF MEETING ALL QUALIFICATION REQUIREMENTS SPECIFIED IN ND 1002052 
UNLESS MODIFIED OR AMMENDED BY THE DESIGN REQUIREMENTS SECTION (3) OF THIS DRAWING. 

E. PACKAGING AND PACKING: UNIT PACKAGES AND EXTERIOR SHIPPING CONTAINERS SHALL BE 
MARKED WITH THE DRAWING NUMBER (1001498). REVISION LETTER, DASH NUMBER 
THE MANUFACTURER'S NAME OR SYMBOL, LOT OR SERIAL NUMBER AND THE MANUFACTURING DATE 
OR CODE. UNITS SHALL BE INDIVIDUALLY PACKAGED PER ND 1002215, CLASS I 

F. MARKING: THE MANUFACTURER'S NAME OR SYMBOL, DRAWING NUMBER (1001498), REVISION 

LETTER AND DASH NUMBER SHALL BE MARKED ON THE.UNIT PER ND 1002019. 
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B. 

C. 

D. 


ACCEPTANCE AND INSPECTION 


DIELECTRIC WITHSTANDING VOLTAGE: 

(1) SEA LEVEL: 900 VOLTS RMS MINIMUM PER METHOD 301 OF MIL-STD-202 

INSULATION RESISTANCE: 200K MEGOHMS, MINIMUM AT 500 VOLTS DC PER METHOD 302 OF MIL-STD-202. 


DIMENSIONS AS SPECIFIED HEREIN. _ 

100% INSPECTION: INSPECT OPTICALLY 10 X MAGNIFICATION FOR EVIDENCE OF CRACKS, BURRS,LOOSE CONTACTS^ 
CONTACT ALIGNMENT, VOIDS, FLAWS OR ANY FOREIGN MATTER DETRIMENTAL TO THE FUNCTION OF 
THE CONNECTOR. CONTACT MATING SURFACES SHALL BE FREE FROM CRACKS, BURRS, BENDS AND 
FOREIGN PARTICLES. 




DESIGN REQUIREMENTS: 


A. 

B. 

C. 

D. 

E. 


MAXIMUM WORKING VOLTAGE: 250 VOLTS DC, 175 VOLTS RMS. 

DIELECTRIC WITHSTANDING VOLTAGE: 100,000 FEET: 250 VOLTS RMS. PER METHOD 301 OF MIL-STD-202 

CURRENT RATING: 3 AMPERES RMS, MAXIMUM ' 

CONTACT VOLTAGE DROP: 25 MILLIVOLTS. MAXIMUM AT 3 AMPERES DC. 

INSERTION AND WITHDRAWAL: (WITH MATING CONNECTOR) INDIVIDUAL CONTACTS SHALL ‘ - 

HAVE A MAXIMUM ENGAGEMENT FORCE OF 6 OUNCES AND A MINIMUM WITHDRAWAL FORCE OF 
5 OUNCES. ASSEMBLIES SHALL NOT EXCEED A MATING FORCE EQUAL TO THE PRODUCT OF 
THE NUMBER OF CONTACTS X 7.5 OUNCES OR BE LESS THAN A MINIMUM WITHDRAWAL FORCE EQUAL TO THE PRODUCT 

'StSSr-TSS? D.iSSmSToV the connectors ^ © REPLACES SHEET 1 REV B WITH CHANGES 

THE CONTACT VOLTAGE DROP SHALL BE 35 MV AT 3 ADC AND THE INSERTION AND WITHDRAWAL FORCE SHALL BE AS SPECIFIED HEREIN. ^ 

DIELECTRIC MATERIAL: (BODY) DIALLYL PHTHALATE, GLASS FILLED PER MIL-M- 14 , TYPE SDG 
LEADS: SHALL BE 28 STRANDED WIRE, TEFLON INSULATED, PER MlL-W-16878. TYPE ET, 

COLOR CODED PER TABLE I. . 

(1) LEADS SHALL WITHSTAND A 4 LB AXIAL PULL (APPLIED GRADUALLY)FOR 10 SECONDS. . 

CAPTIVE SCREW: CRES TYPE 303 PER MIL-S-7720, PASSIVATED PER FINISH 5.4.2 OF MlL-STD-171 ■ ■ - . 

MOUNTING PLATE: BRASS, TIN PLATED PER MIL-T r 10727, TYPE I, FUSED OVER COPPER FLASH. 

STUD- STEEL TIN PLATED PEB MIL-T-10727. Wfts*. FUSED OVER COPPER FLASH. INTERNAL THREADS TO v 

BE FREE OF ELECTRO-TIN PLATING. STUD SHALL BE FASTENED SECURELY AMB HERMETICALLY SEALED 


TO MOUNTING PLATE. 
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VIBRATION: DURING VIBRATION PER ND 1002052, DISCONTINUNITY SHALL BE 0.1 MICROSECOND 
OR LESS, AT 100 HA DC FOR HATED CONNECTORS. „„„„„ /M « TFn P aidc\ 

H. CONTACT RESISTANCE: 10 M ILL I OHMS «» AT 100 HADC TEST PER MIL-STD-202, METHOD 307. (MATEO PAIRS) 

N. TEMPERATURE OPERATING: -55°C TO +150°C. 


4. 


A. 


B. 


SPECIAL REQUIREMENTS: (BY SUPPLIER) 

CONTACT SEPARATION: (100X*INSPECTION) ALL PIN CONTACTS SHALLBE TESTED WtTH A 
STEEL TEST SLEEVE HAVING AN INSIDE DIAMETER OF .0230 +888o AND F ^ , 

MICRO-INCHES MAX. THE TOTAL WEIGHT OF THE YESfSLEEVE SHALL BE .5 OUNCES + -1 

WHEN THE RBSEMBLY IS INVERTED THE PIN CONTACT SHALL RETAIN THE .5 OUNCE WEIGHT. 

THIS TEST SHALL BE PERFORMED SEQUENTIALLY ON EACH CONTACT AFTER ASSEMBLY KITH THE CONNECTOR BODY. 

THE FOLLOWING LOT SAMPLE TESTS SHALL BE MADE PRIOR TO 

shipment: 

(1) TENSILE STRENGTH: ■ , 

THE CRIMPED ASSEMBLIES FROM EACH TOOL SHALL BE SAMPLED PER MIL-STD-414 

INSPECTION LEVEL IV, AQL .4. THE ASSEMBLIES SHALL BE TESTED ON A HUNTER SCALE (OR EQUIVALENT) 
FOR TENSILE STRENGTH AND THE READINGS SHALL BE RECORDED. ALL ASSEMBLIES 
SHALL BE WITHIN THE CONTROL LIMITS STATED BELOW OR THE LOT SHALL BE 
REJECTED. ASSEMBLIES SHALL BE PACKAGED AND. IDENTIFIED WITH THE LOT NUMBER, 

WHICH SHALL ACCOMPANY THE UNITS TO FINAL INSPECTION, AND BE INCLUDED WITH 
THE CONNECTOR SHIPMENT. THIS APPLIES TO BOTH PINS AND SOCKETS. 

THERE SHALL BE TWO DATA SHEETS FOR THE CRIMPING OF THE PINS, ONE FOR THE PIN END 
AND ONE FOR THE WIRE END, 



PIN 

SOCKET 

WIRE 

SIZE 

CONTACT 

END (MIN) 

WIRE 

END (MIN) 

WIRE 

END (MIN) 

’ 28 

3.0 LBS 1 

4.0 LBS 

4.0 LBS 


(z) SOCKET STRENGTH, SIDE LOAD (IN CONNECTOR): 18 OUNCES MINIMUM SHALL BE APPLIED AT 
THE PIN ENGAGING END OF THE SOCKET. INTERMATABILITY AND PERFORMANCE SHALL NOT BE 

MATING AND CLEANING: (lOO% INSPECTION) EACH CONNECTOR SHALL BE MATED 5 TIMES AND THEN 

ULTRASONICALLY CLEANED FOR 1/2 MINUTE. INSPECT FOR LOOSE, CRUSHED OR MISALIGNMENT . 

OF CONTACTS. 
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NOTES 

L INTERPRET DRAWING M ACCORDANCE WITH ML-0-70327 
Z ASSEMBLE £ TEST PER REQUIREMENTS OF ATP . , ;• FTM u,0020i 
a SCREW TORQUE REQUIREMENTS ±7% 

A. IQO IN. LB. 

a 5.0 n. La 

C. ! .0 IN LB. 

Q8S.0 JN.LB 
E. 70.0 H LB 
E 65.0 IN LB 
G30.0 IMJI 


H. 3.5 IN. LB. 


A MARK CHARACTERS^HIGH COLOR BLACK PER NO 1002019 AT LOCATIONS SHOWN. 

FNGCA/E CHARACTERS -|J high AMO Fill. COLOR BLACK PER ISO 1002019 

- BALANCE \A€OHTS ano nuts to be selected from applicable drawings ano 
■mstalled per ATPIOOOOOI. SELECT SCREWS FROM CHART SEE \CTE 9 
USE DRAWING NUMBERS \ - - QMBAL ASSEMBLY OUTLINE AND 1000017 
/.RING DIAGRAM for reference 

PROTECTIVE COVER.EUECT.NASA DRAWING NO. 1001495, PROTECTIVE COVER, COOL ANT, 

NASA DRAWING NO. 1001494, MOUNTING PAD COVERS, NASA DRAWING NO:S OOI4GO,10<3l464<1001461 

aSeN^^UiS^JRiNG^ TK^^ I |!^l1^tIoI^?^PR0^ 0 h?aTER C PoS^R JLY 

TO INERT A u COMPONENTS. . SE SElF LOCKING SCREWS, NAS 35C04LL4,0R EQUIV, 

TC SECURE 1001495 TO CONNECTOR MOUNT. ASSY'S(T)Atort)SCREWS NOT TO PROJECT BELOW 
. . ,TtNG SURFACE ONI 7 ;ft (q REVOKE PROTECTIVECQVEP 

mounting screws and cable immediately prior to installation 

.►CURE BALANCE WEIGHTS.ITEMS (3?)THRU(40)TO GIMBALS WITH SCREWS PER 
TP FCTION CHART,ft (96 s nc?/^3)AT REQUIRED LOCATIONS ON MCOLE AND OJTPP 
MBALS.SEE VIEW E FOR TYPICAL INSTALLATION DATA, caution: do NOT INSTALL ITEM (56) OR 
TEM(?3)lN LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 

'EMPERATURE OF ASSEMBLY • MUST BE MAINTAINED BETWEEN I20°F ANO I40 # E 
PULSED INTERGRATING PENDcL JM,NASA DRAWING NO. ■000013. MUST BE RECAl/BRATED 
IF TEVIPERaTJRE EXCEEDS t HESE LIMITS. GYRO PRFALIGNED ASSY.,NASA DRAWING NO. 

1000012 MUST BE RECALIBRATED IE TEMPERATURE EXCEEDS 40*F*T0 I60*F RANGE 
STAMP OR ENGRAVE SERIAL NUMBERS OF I RIGS. NASA DWG. NO. 1000012, AND PIPS NASA 
NC.IOOOOI3 IN APPROPRIATE BLOCKS PER NO 1002019 
"£V. O ^ ^3 BE SELECTED 8 MAINTAINED INCONJU\Z' 

' V EV (49) TO BE ASSEMBLED PER NASA 
S' EC* T EN (49) FROM TABLE I 

•* * ■ FFV? (46) 8 (37) TO ITEM(T)WITH ITEM (5§) COAT MATING SURFACES OF ( 46 )( 47 ) 8 CD 

* ■ r ‘-- f. W -E-ORE ASSEMBLY 

K -■ V PROCUREMENT . THIS ASST IMP MUST MEET THE -^L'REMENT OF PSlOOCZOI 

15 TAPE "E? 5- SHALL BE USED AS REQUIRED TC NIE-RtCT MOVEMENT OF THE HARNESS IN THE CABLE CLAMP 



16. COOLANT PASSAGES SHALL MEET THE CLEANLINESS REQUIREMENTS OF ND1002223 
WHEN ITEMS(^)j9])8(25)ARE ASSEMBLED TO CAS£,ITEM(T) 


'■ON WITH THIS ASSEMBLY. 

PAWINQ NO. 1007572 AT I.S.S. LEVEL. 
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T 0 SECURE 1001495 TO CONNECTOR MOUNT. ASSY*S(T)ANDfF)SCREWS NOT TO PROJECT BELOW 
MC-NTING SURFACE 0N( 7 ;8 (8 ^ RE '1 /E PROTECT IV ECOVER" 

MOUNTING SCREWS AND CABLE IMMEDIATELY PRIOR TO INSTALLATION 
r SECURE BALANCE WEIGHTS.ITEMS (3E)THRu(40) TO GIMBALS WITH SCREWS PER 
SELECTION CHART ,8 (56 09(43) AT REQUIRED LOCATIONS ON MCOLE AND OUTER 
GIMBALS. SEE VIEW E FOR TYPICAL INSTALLATION DATA. CAUTION: DO NOT INSTALL ITEM (56) OR 
ITEM(43) IN LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 

TEMPERATURE OF ASSEMBLY • MUST BE MAINTAINED BETWEEN I 20 °F ANO I40*E 
PULSED INTFRGRATiNG PEND^UM,NASA ORAWING NO.IOOOC13. MUST BE RECALIBRATED 
IF TEMPERATURE EXCEEDS T HESE LlMiTS. GYRO PREALIGNED ASSY.,NASA DRAWING NO. 
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12. ITEM ® 0E SELECTED 8 VAIH ’A NED IN CONJUNCTION WITH THIS ASSEMBLY. 

iTEV (49) TO0E ASSEMBLED PER NASA DRAWING NO. 1007572 AT I.S.S. LEVEL. 

SELECT ITEM (49) FROM TABLE I 

13. BOND ITEMS (46) 8 (37) TO lTEM r T)wiTH ITEM (Jg). COAT MATING SURFACES OF (46)(47) 8CD 
WITH (48) BEFORE ASSEMBLY 
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l WTERPRET ORAWNG N ACOORWNCE VMM ML-0-70327 
Z ASSEMBLE $ TEST PER REQURE\€NT5 OF ATP I00000t£ FTM 1000201 
a SCREW TOQUE REQUIREMENTS * 7 % 

A. IQO MLR 
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C IjO RILR 
D85.0M.LR 
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F. €5.0 M.LR 
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4 MARK CHARACTERS^HIGH COLOR BLACK PER NO 1002019 AT LOCATIONS SHOWN. 

5. ENGR4C CHARACTERS -j$ HTO ANO RLL. OOUOR BLACK PER NO 002019 

f BALANCE WEIGHTS ANO NUTS TO BE SELECTED FROM APPLICABLE DRAWINGS ANO 
INSTALLED PER ATPlOOOOOL SELECT SCREWS FROM CHART SEE NOTE 9 
- USE DRAWING NUMBERS IQOOOtfc GlMBAL ASSEMBLY OUTLIC AMD 1000017 
WRING DIAGRAM POP REFERENCE 

r PROTECTIVE cnvFR.El_ECT.NASA OPAWING ND. 100*95, PROTECTIVE COYER .COOLANT, 

NASA DRAWING NO. 001494,mounting PAO COVERS, NASA DR4WNG NO'S Ob*6Q,1001464<KXX4«| 
lOOtd^AN&^iftf^SNPPKj W fFt ftTffft~OHfrmN O NO BO Cl t C Q TO be REMOVED ONLY 
WHEN REQUIRED DURING TEST AND INSTALLATION,OR TO PROVicfc HEATER POWER 
TO INERT Ak COMPONENTS. JSE SELF LOCKING SCREWS. NAS; 35C04LL4.0R EQUIV, 

TO SECURE 1001495 TC C0NN6CT0R MOUNT. ASSTS(T)AM)(T)SCRE\AS NOT TO PRoicT BELOW 
MOwNTMG SURFACE ONCtJS (62 REVIVE PROTECT IVETOVEK 
MOUNTING SCREWS AND CABLE IMMEDIATELY PRIOR TO INSTALLATION 
9 SECURE BALANCE WEIGHTS. ITEMS (3?)THRU(40) TO GIMBALS WITH SCREWS PER 
SELECTION CHART,8 (56) OR(43)AT REQUIRED LOCATIONS ON MCOLE AND OUTER 
GIMBALS. SEE VEW E FOR TYPICAL MSTALLADOM DATA. CAUTION: 00 NOT N5TALL ITEM (m) OB 
ITEM(43)IN LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 

..TEMPERATURE Of ASSEMBLY MUST BE MAINTAINED BETWEEN 120*F AND I40*E 
PULSED INTERGRATING PENOUlJM.NASA DRAWING NO. 000013 MUST BE RECAJBRATED 
IF TEMPERATURE EXCEEDS t hESE LIMITS GYRO PRFALIGNED ASSY.,NASA QRAWW6 NO. 

1000012 MUST BE RECAUBRAfED f TEMPERATURE EXCEEDS AOVTO lGO*F RANGE 
!. STAMP OR ENGRAVE SERIAL NUMBERS OF I RIGS. NASA 0W& NO 000012. ANO PIPS NASA 
NOU000013 IN APPROPRIATE BLOCKS PER NO (002019 ’ 

12. ITEM @ TO BE SELECTED 8 MAINTAINED MGONJUCTOfc WITH THIS A9SEMK.V. 

ITEM (j|) TO BE AS &Et m, E D PER NASA DRAWING NO. 1007572 AT 1.5.6. LEVEL. 

SELECT ITEM (35) FROM TABLE I 

a. BOND ITEMS <3§) 8 © TO lTE#T>lTN ITM <3J). 006T MATINS 9URRCES OF ®QD B© 

WITH (35) BEFORE ASSEMBLY 

14. FCR ;^AR£S PROCURED NT ASSEMBLY MUST MEET THE “EMENT OF P*V00020\ 

A TAPE ITEM (g) SHALL K USED AS RGOUMED TO RESTRCT MOVEMENT OF Tl« IMMCSiMTIC CAKf CLiwr 
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[ SCREW SELECTION CHART | 

DRAWING NUMBER 

USED ON 

. J'488-2 

STABLE 

MEMBER 

-3 

-4,-5-6 

•:C'469-2 

1001468-1 

MIDOLE 

ANO 

OUTER AXIS 

!X 1494-3 

'1001488-2 

C0I489 4 

1001488-3 

1001489 5 

1001488-4 

■" l: ^ . 

I !COI489-6 11001488-5 

iGit | G2i ' 034 ‘ 



-^pDlA THRU 



viewE 


IGTRO WHEEL TYPES | 

PART NO. 

3 SIMONDS ! 

1007550-011 

2 SIMCNDS 

1 GRAPH MO 

007550-021 

I SIMCNDS 

2SRAPHM0 

007550-031 

3GRAPHM0 

007550-041 


TYPICAL INSTALLATION 
SEE NOTE 9 


- SEE MOTE ft 



B 


NOTES 

1 INTERPRET QRAA/TJG IM ACCORDANCE WITH 1^.-070327 

2 ASSEMBLE $ TEST PER REQUREMENT5 OF ATP iOOOOOi< FTM 1000201 
2 SCREW TORQUE REQWREMENTS tl% 

A. IQO MLB. 
ft 5.0 MLR 
C I JO Mia 
Q85.0N.l_a 

E. 70.OMLB 

F. 65.0 Ml_a 
GsaoMia 

H. 3.5 IN lB* 

4 MARK CHARACTERS^7HIGH COLOR BLACK PER NO 1002019 AT-LOCATIONS SHOWN. 

5. ENGRA/E CHARACTERS $ HOH ANO FEL.OOUOR BLACK PER NO 002019 

6 . BALANCE WEIGHTS ANO NUTS TO BE SELECTED FROM APPLICABLE DRAWINGS AND 
INSTALLED PER ATPlOOOOOL SELECT SCREWS FROM CHART SEE NOTE 9 

7. USE DRAWING NUMBERS lOQOQiS OMBAL ASSEMBLY OUTUNE AND 021412 
WIRING DIAGRAM FOR REFERENCE 

8 . PROTECTIVE COVER.ELECLNASA DRAWING NO. 1001495,PROTECTIVE CCVERjCOOLANt _ 

NASA DRAWING NO. 10014^4, MOUNTING PAD COVERS, NASA DRAWING NOS 1001460,1001464 <1001461 
I001465l 4N&TM U SNAP^ N=B B.U?waNASA D R AWING N04 9 Q0 8 0g JQ BE REMOVED ONLY 

WHEN REQUIRED DURING TEST AND INSTALLATION,OR TO PROVIDE HEATER POWER 
TO INERTIAL COMPONENTS. USE SELF LOCKING SCREWS, NASI35C04LL4,OR EQUIV, 

TO SECURE 1001495 TO CONNECTOR MOUNT. ASSY’S (7_)AMD(T) SCREWS NOT TO PROJECT BELOW 

:/Gw\T;NG SvJWACE ON(T)® (jD REMOVE PROTECT IVECOVER 

MOUNTING SCREWS AND CABLE IMMEDIATELY PRIOR TO INSTALLATION 1 ' 

9. SECURE BALANCE WEIGHTS.ITEMS (3?) THRU (40) TO GIMBALS WITH SCREWS PER 
SELECTION CHART,8 (56) 0R(5T)AT REQUIRED LOCARONS ON MCDLE AND OUTER 

GIMBALS. SEE VIEW E FOR TYPICAL INSTALLATION DATA. CAUTION: DO NOT MSTALL ITEM (5S) OR 
. ITEM(j3)lN LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 

10. TEMPERATURE OF ASSEMBLY - MUST BE MAINTAINED BETWEEN I20*F ANO I40*E 
PULSED INTERGRATING PENOULJM,NASA DRAWING NO.000013. MUST BE RECALIBRATED 
IF TEMPERATURE EXCEEDS THESE LIMITS. GYRO PREALIGNED ASSY.,NASA DRAWING NO. 

1000012 MUST BE RECALIBRATED IF TEMPERATURE EXCEEDS 40VT0 I60*F RANGE. 

£1. STAMP OR ENGRAVE SERIAL NUMBERS OF I RIGS. NASA DWG. NO. 1000012, AND PIPS NASA 
NCUOOOOI3 IN APPROPRIATE BLOCKS PER NO IO02OI9 
IJL ITEM (49) TO BE SELECTED 8 MAINTAINED M CONJUNCTION WITH THIS ASSEMBLY. 

ITEM ® TO BE ASSEMBLED ON 1007192 WITH OTOrr M-L0 OF TORQUE AT I.&S LEVEL. 

SELECT ITEM (?9) FROM TABLE I 

IS. BOND ITEMS © 8 © TO ITEM(T)WITW ITEM ©. COW MATING SURFACES OF ® ® 8CD 
WITH (48) BEFORE ASSEMBLY 

14. FOR SPARES PROCUREMENT ,TH\S ASSEMBLY MUST MEET THE REQUIREMENT OF PSlOOOEO* 
». TA®E ITEM (g) SHALL BE USED AS REQUIRED TO RESTRICT MOVEMENT OF THE HARNESS IN THE CABLE CLAMP 


-MARK J2 
—. VCW C-C TYP 



SHOWN WITH NO INSULATION 


K. COOLANT PASSAGES SHALL MEET THE CLEANLINESS REQUIREMENTS OF ND1002223 
WHEN ITEMS(j6XjI)a(25)ARE ASSEMBLED TO CASE.ITEMfO 
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_J0 
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_ * wtvmom _ 

ITM | OOCITTIOW 

^ 'replaces REVpSiON L with 
CHANGES TDRR -307 
N IPEY'SED TDRR 1«?39 
P 1 REVISED TDRR 14673 
R REVISES ^DRR 5^:6 

S REVISES TDRR 16808 _ 

T 'REVISED TDRR 680* _ 

U [REVISES TDRR 17490 _ 

V REVISED TDRR 2234-4_ 


!- NUT. CLINCH PLAIN _10108 61-6 

[~4~ S CREW.BUT. HD.SELF LKG.SPL SOQ 100250-12 ] 

‘a/r'tAPE.ADH.ELEC. 1/2 WIPE ._£ 

Ia/R IwEIGHT.BALANC S S/M 110? 1405 i_ 


_SEE NOTE® 56 

ZZ“Z_ ' _.J» 

L-1-15126 TYPE ACT 54 


WEIGHT,BALANCE S/M 

10? 1405 

9EEN0TE6 53 

WASHER,CABLE CLAMP 

000223 

1 52 

CLAMP. CABLE 

1000220-6 

1 51 

CL AMR CABLE 

,000220-5 

50 

IMU-CDU LOAD COMP MOO 

IOC7550 

SEE NC T Ei2j 49 

ADHESIVE 

1010838 

SEE NOTE 13) 48 

INSULATION CASE HXCHR RH 

001477 

SEE NOTE® 47 

INSULATION CASE HXCHR LH 

001476 

SEE NOTE I3| 4C 

INTERGIMBAL SUB-ASSY IX OA 

001506-2 

1 45 

OUTER AXIS ASSTf 

i00l5bl-03l 

_1 44 

NUT. CUKICH. OLUSHW0JNTED 

10000764 

seenotesNl 


A/R A/R A/P SCR EW. CAR SOC *3. h£X 1001 489 

A/r|a/R V5 SCREWCAPSLF-LKGt S O C t-Q 1001488 
a /r I a/r a/5 alight.bal ance,xiter gmbal_ 00) 270 
A/R A/R A/PWBGHT,BA>J>fJ CE t XTERGMBAL 1000268 
A/R A/R A A? WEIGHT. BALANCE OUTtMlQ CMBU '00 0263 
A/R A/R A/R ALIGHT. BALANCE MG GMdAL 000262 


A/R 

A/R A/R-A€CHt BALANCE 

5/M 

1000260 

A/R 

A/R A/E WEGHT. BALANCE 

S/M 

1000259 

A/R 

A/R A/P WEIGHT. BALANCE 

S/M 

1000258 

m/R 

A/R A/P A/EKjHT,BALANCE 

S/M 

I00o2i4 

A/R lA/R i A/Pi WEIGHT. BALANCE 

s7m 

k/C02i3 

- 

1 | - IOUTER AXIS ASS'Y 


11001501-021 

' 1 

- - tase, cover,upper 

IIO-I^OL 

4 

4 4 SCREW, BUT HO SELF LUG SPL9C 

q 000250-1 

mm 

!—— 


J 1000022 

11000023 

A/R 


RN-t-.^NOS 
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till R_A T E. lOEN' E CATO 
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koc 02 l 


EE NOTE 6 , 42 
EE N0TE6 _4I_ 
EE NOTES 40 
EEn6te G | 59 
EE NOTES 1 36 
EENOIEfe 37 
iGNOTES 36 
EE NOTE 6 35 
EE NOTE S 34 
EEJMOTES 33 
GNOMES 32 
SNQTrSi 31 


•'RI MS_11000159 

T RIN G ~ . ,000155 
" RING 1000159- 

4 OUTER AM 1001559. 
UTER AXIS 001558 


" 01489 4?, 

ZooiS^H 

(000159-5 
000234 
I000135_ .. 

JO 00187_ 

1000185 ' 
IOOOI68 

1000159*3 
1000159 V 
1000159-a 


ry-SOT* —_— T 

CAae.covFR. fi xed 
CA9E;C0VER MOVEABLE ’ 

! OUTER AXIS. AS SEMB LY 
~ MACWNE ASSY. CASE CENTER 


000205-011 
1001506-1 ' 

CC024I__ 

00 0082 

~ rocigo ^sii 

1000085 
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TABLE l 


GYRO WHEEl. TYPES 

~ r ~ PART NO. 

3 s:mcnds 

1007550 -011 

! 2 3,'MCNDS 

1IC07550-02I 

I GRAPH MO 

1 

: SIMCNDS 

S1007550-031 

2GRAPHM0 


3 3RAPHM0 

ICO7550-04I 



NOTES 

l fyfTERFRET QRAWNG M ACCORDANCE WITH ML-D-70327 
Z ASSEMBLE $ TEST PER REQLHREHCNTS OF ATP * .wO £ FTM >000201 
a SCREW TORQUE REQUIREMENTS ±7% 

A. IQO MLJL 

a 5.0 m lb 

C. 1.0 N.LB 
D85.0 f\Ll_a 

E. TO.OMLB 

F. € 5.0 IN. La 
G 3 Q 0 IN. La 

4 MARK CHARACTERS^HIGH COLOR BLACK PER NO 1002019 AT. LOCATIONS SHOWN. 

5 ENGRA/E CHARACTERS \% HK3H ANO FILL. COLOR BLACK PER NO 1002019 


: BALANCE WBOTTS ANO NUTS TO BE SELECTED FROM APPLICABLE DRAWINGS AND 
INSTALLED PER ATPIOOOOOI. SELECT SCREWS FROM CHART SEE NOTE 9 


USE DRAWING NUMBERS XuO OMBAL ASSEMBLY OUTL*>E A/SCH02I4I2 
WIRING DIAGRAM FOR REFERENCE 

• PROTECTIVE COieT,EL£CT,NASA DRAWING NO. 1001495, PROTECTIVE CCVERLCOOLANt ._ 

NASA DRAWING NO. 1001494, MOUNTING PAD COVERS, NASA DRAWING NO^S 0bl460,1001464<1001461 

WHE^REQUI^D^URING ^^V^4ND f |^^SLUAT»0N^>R C T^F§^Scfe HEATER POWER 

TO INERT,A U COMPONENTS. JSE SELF LOCKING SCREWS. NASj35C04LL4,0R EQUIV,_ 

TO SECURE 1001495 TO CONNECTOR MOUNT. ASSY’S(7)AN0 (TT) SCREWS NOT TO PROJECT BELOW 


VOX^NG SURFACE ON (j7j 8 (IT, REMOVE PROTECTIVE COVER 
MOUNTING SCREWS AND CABLE IMMEDIATELY PRIOR TO INSTALLATION 


9 SECURE BALANCE WEIGHTS,ITEMS (3§)THHu(40) TO GIMBALS WITH SCREWS PER 
SELECTION CHART.8 (56)CR©AT REQUIRED LOCATIONS ON MCOLE AND OUTER 
GIMBALS. SEE VIEW t FOR TYPICAL INSTALLATION OATA. CAUTION: DO NCT INSTALL ITEM © OR 


ITEM© IN LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 

L,TEMPERATURE OF ASSEMBLY- MUST BE MAINTAINED BETWEEN I20*F ANO I40*E 
PULSED INTERGRATING PENDULJM,NASA DRAWING N0.I000CI3. MUST BE RECALIBRATED 
IF TEMPERATURE EXCEEDS THESE LIMITS. GYRO PREALIGNED ASSY.,NASA DRAWING NO. 
1000012 MUST BE RECALIBRATED IF TEMPERATURE EXCEEDS 40*F*T0 IGOV RANGE. 

! . STAMP OR ENGRAVE SERIAL NUMBERS OF I RIGS. NASA DWG NOL1000012, ANO PIPS NASA 
NO.1000013 IN APPROPRIATE BLOCKS PER NO 1002019 


12 ITEM (49) TO BE SELECTED 8 MAINTAINED IN CONJUNCTION WITH THIS ASSEMBLY. 

ITEM (49) TO BE ASSEMBLED ON 1007152 WITH 13TO 17 IN-LB OF TORQUE AT I.S.S LEVEL. 
SELECT ITEM (49) FROM TABLE I 

13. BOND ITEMS © 8 © TO ITEM(T)WITM ITEM (48). COAT MATING SURFACES OF ® ® 8© 


viewE 

TYPICAL INSTALLATION 
SEE NOTE 9 



16. COOLANT PASSAGES SHALL MEET THE CLEANLINESS REQUIREMENTS OF ND1002223 
WHEN ITEMS flp(15)8(25)ARE ASSEMBLED TO CASE,ITEM(T) 


\ 


WITH © BEFORE ASSEMBLY 

14. rex ; - ARES PROCUREMENT .THIS ASSEMBLY MUST MEET THE REQUIREMENT OF PSIOOCEOV 

15. TAPE ITEM (54) SHALL BE USED AS REQUIRED TC RESTRICT MOVEMENT OF THE HARNESS IN THE CABLE CLA»#> 


l? 


II 



i ■ : - 7 — 


.IQ 


1 “ • 9 













3 


! „ REPLACES REVISION - W*TH 
* CHANGES T CRR - 
N [REVISED TDRR HJ39 I 

P REVISED TDRR 14673 ^ 

R RE VISED TDRR 15716 _[ 

S REVISED TDRR 16608 _H 

T REVISED TDRR I66C^_" 

U REVISED T DRR 1 7^90 

V [REVISED TDRR 2 : 34.4 | 3 

w BIASED PEA 23222 i 


-**<4 

ii- <*1-444 1 

ft' 


-rj> 

6 PLACES 
SEE NOTE 3G 
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VIEW E-E 


VIEW A-A 


-SEE MOTE 30 
7 PLACES 


-SEE MOTE 3B 
4 PLACES 


REPLACES REV L WITH CHANGES 


NUT, CLINCH PLAIN_I0I086I-6. 

SCREW.BUT HD.SELF LKG. SPL SOC 10025042 
riAPE.ADH.ELEC, 1/2 WIDE ' 

? IwElGH T.BALAN CE S/M 172 1 405 

_TWASHER,CABLE CLAMP 1 100 0223 

j CL AMR CABLE_. lOC r 22C-6~ 

TcL'amR CABLE ” .IXC220-5 

flMU - CDU LOAD COMP MOD IICC7S5C 

?; ADHESIVE _ |lQlC839 _ 

INSULATION CASE HXCHP RH KOOI477 

“ INSULATION CASE HXCHR LH 001476 

_ INTERGIMBAL S UB-ASS'Y T)TOA 10015 06^2 
~ OUTER AXIS ASS^Y ~i0Ql50l-03l 

MUX CLFJCH.rLUSM-MOUMTED 100 00764 

l SCREW.CAP SOC K). HEX 1001489_ 

l SCREW C A P SLF-LHG, S OC Kjt-C* I00i488 


1001 501- 031 

"100 00764 

1001 489 _ 

X J001488 


A/P 'A^IQHXBALANCE.XITER GMBAL 1000 370 
A/P WEIGHT, BAlAN CE.QLTEP GIVBAl IQQQ268 
A/R WEIGHT. BALANCE OUT gMQ GMBL. '000263 


A/R 

iA/R 

A/RIWEOHT. BALANCE MlQ GTvbAL 

T60G262 

A/R 

IaTr" 

A/R 

WEIGHT, BALANCE MlQolMttAL 

TGG026. 

A/R 

A/R 

a/p|-a€Cht. balance S/m 

It 10260 

A/R 

A/R 

A/? 

weight balance s/m 

H0OO259 ^ 

A/R 

A/R 

A/R 

weight, balance s/m 

[1000250 

A/R 

A/R 

A/Q 

/VEKXT BALANCE s/m 

tiQuu24 

A/RIA/R 

A/R 

A/EiGHT. BALANCE S/M 

fcuujSO 

- 

1 

- 

OUTER AXIS ASS'Y 

JlOf 1501-021 

1 

— 

— 

"ASE,rrvEP,UPPER 


4 

4 


SCREW, BUt HO SELF LHG SPL93 

i 1000250-1 

1 

1 

"~P 

Plate information 

J 1 OOOO 22 

1 

1 

1 

PLATE .INFORMATION 

|l600623 

A/R |A/R 

w 

LUBRICANT uOv ‘ CORN *'.G NQ5E 

3 

1 

' 

1 

PLA T EJDEU'FCATlON 

JIC0002I 

4 


4 

►SCREW BuT ^.SELF lwgsrw 

Loogs&mS' 

12 

nr 

12 

SCREW cap SOC HD. HEX 

[. ''48? 16 


SCREW CAP SOC x_ _ 

■ SCREW CAP SOC -O. HEX 
R&CXJISJG. ^REFOPtvEu V PNG 
" ^Q<ls lG. =»R0^ OPf.'ED. J O' RWG__ 
^E, PRESSURE, ASSY. 

_ CCLP Jvla *-A_EQOCK, D6CONN0 

SPRING, FASTENER_ _ 

" COV ER. SPRING F ASTENER 
SCREW. F ASTE N ER 
_ VVfe^^MOD'JLE 

PACMNC. PREFORMED,^'JNN6 _ 
HACKING. PREFQHMEft't) RING 
'ACI0N6, PRE FORME D/0" RING 


MT.CONN ASST IGA OUTER AI9 IOOt**B. . 

MT. CONN A£ &T i- XX/TEB AXIS 001558 

1001506-1 

CASE,COVER. FIXED_ 000241 

_ CASEjCOVCR MOVEABLE 00 0082 

_ OUTER AXIS. ASSEMBLY I OC'501-Oil 

MACHNE ASSY, CASE CENTER 1000085 


_SEE NCTE6 56 

55 

- I-i5!26 TYPE ACT * 54 


BEE NCTE 2 4 
. GEE NCTE 3 4 , 
' see NOT a 
TsEE NOT' dT"? 


SEE NOTE e j~42 
£FNQTF6 | 41 
SEE-JQT EC 40 
JE MOTfX | 39 
SEENO r £6 38 
5EENJ IE6, 37 
5EEMOTE6 36 
3EENC7EO 35 
SEE NOTES' 34 
EE NOTE 6 _33 
5EENQTF 6 t~32 

BENOIT 6* 31 

_L?0 


■ 00I4 9S- 
' 01489 47, 

" 00015 9-6 
1000*59-5 
000234 
11000136 

•00010 7_ 

1000165 
10 00166 
100! 4^5 
OOOI50-3 _ 
IOOOI59-1 ~ 

" 1000159 - a 


ll015 000 IDLIOOISOOI*"' 


LIST or PARTS ANO MATERIALS _ 

INERTIAL -1 

MEASURING UNTT HsI 
ASSEMBLY —~ 







































































































1 SCREW SELECTION CHART | 

drawing NUMBER 

USED ON 

~-;-2 

STABLE 

member 

-3 

- T,- c -6 

. - r ,, ;:0G'438- 

Ml DOLE 

AND 

OUTER AXIS 

w - ;' 1 j 1001433-2 

14-0- 4 IC0I433-3 

■ 4 s' 3 '00)483-4 

.-1439 ( '00 488-5 

Oil j 02' 031 



*4B_‘ . 

~ yPES 

PART NO. 

3 3 \C' 

1007550-011 

' : GP-_ 

1007550-021 


1007550-031 

2 } PA— VIC 

1007550-041 


viewE 

typical installation 

SEE NOTE 9 


<*■ 
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NOTES 


L INTERPRET ORAwJNG W ACCORDANCE WITH ML-O-70327 
Z ASSEMBLE $ TEST PER REQWPEMENTS OF ATP £ FTM 1000201 

3l screw torque requwements tr% 


A. 10.0 MLB. 

a 5.0 m La 
C. .0 M La 
QSb.0 MLE 
E. 70.0 M LB 
E 65.0 IN. LB 
6 30.0 IN. La 
H. 3.5 IN. lB- 

4 MARK CHARACTERS^7HIGH COLOR BLACK PER NO 1002019 AT LOCATIONS SHOWN. 


ENGRA/E CHARACTERS -jj HK3H ANO FILL. OOLOR BLACK PER NO 002019 


E BALANCE \A£GHTS ANO NUTS TO BE SELECTED FROM APPLICABLE DRAWINGS AND 
INSTALLED PER ATPlOOOJOl SELECT SCREWS FROM CHART SEE NOTE 9 

■ USE DRAWING NUMBERS - C3MBAL assembly Outlae and 1000017 
WIRING DIAGRAM FOR REFERENCE 

PROTECTIVE COVER.EUECT NASA OR AWING NO. 1001495, PROTECTIVE COVER .COOLANT. 

NASA DRAWING NQ.I00I4 9*, MOUNTING P A D COVER S, NASA DRAWWG NO.’S Obl460,1001464<I00I4GI 

’^Sf'^Sl^DUR^G = T^^AND 1 ^Si?AT!S5^^PR0VlciE 0 H?^TE^POWER^^ 

TO INERTiAl COMPONENTS. USE SELF LOCKING SCREWS, NASi 35C04LL4,0R EQUIV, 

TO SECURE 1001495 TO CONNECTOR MOUNT. ASSY’S (T)Ato(T)SCREWS NOT TO PROJECT BELOW 

VCwVTNC- SURFACE ON CO® GT REMOVE PROJECT 7EC0VER 

MOUNTING SCREWS AND CABLE IMMEDIATELY PRIOR TO INSTALLATION 


9. SECURE BALANCE WEIGHTS.ITEMS (3?)THPu( 40) TO GIMBALS WITH SCREWS PER 
SELECTION CHART.a (56', OR( 43 )AT REQUIRED LOCATIONS ON MOOLE AND OUTER 
GIMBALS. SEE VIEW E FOR TYPICAL INSTALLATION DATA. CAUTION: DO NOT M5TALL ITEM (x) OR 
ITEM (51) in LOCATIONS THAT WILL PREVENT FREE ROTATION OF GIMBALS. 


C,TEMPERATURE OF ASSEMBLY MUST BE MAINTAINED BETWEEN I20*F ANO I40*E 
PULSED INTFRGRATING PENOULJM,NASA DRAWING NO.000013. MUST BE RECAUBRATED 
IF TEMPERATURE EXCEEDS THESE LIMITS. GYRO PREALIGNED ASSY.,NASA DRAWING NO. 
1000012 MUST BE RECALIBRATED IF TEMPERATURE EXCEEDS 40*F*T0 I60*F RANGE 
f .. STAMP OR ENGRAVE SERIAL NUMBERS OF I RIGS. NASA DWG NO 1000012, ANO PIPS NASA 
NO1000013 IN APPROPRIATE BLOCKS PER NO I002CX9 


12. ITEM (49) TO BE SELECTED 8 MAINTAINED IN CONJUNCTION WITH THIS ASSEMBLY. 

ITEM (49) TO BE ASSEMBLED ON 1007152 WITH 13TO 17 M-LB OF TORQUE AT I.S.S LEVEL. 
SELECT ITEM (49) FROM TABLE I 

O. BOND ITEMS (46) 8 (37) TO ITEM(T)WITH ITEM (55) . COAT MATING SURFACES OF ® (47) 8 (T) 
WITH (48) BEFORE ASSEMBLY 


K FOR : - ARES PROCUREMENT .THIS ASSEMBLY MUST MEET THE REQUIREMENT OF PSlOOOZOI 
15. TAPE ITEM (54) SHALL BE USED AS REQUIRED TO RESTRICT MOVEMENT OF THE HARNESS IN THE CABLE CLAMP 



* COOLANT PASSAGES SHALL MEET THE CLEANLIICSS REQUIREMENTS OF ND1002223 
WHEN ITEMS(l6Xl9)8(25)ARE ASSEMBLED TO CASE,ITEM(T) 
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M REPLACES REVISION L WITH 

CHANGES TDRR u3Q7 _ ** 

N REVISED TDRR t«539 rsc 

P 'REVISED TDRR 14673 V* 

R R EVtSED TDRR IS -7 6 " *,. « 

S REVISED TDRR 168 O 8 _ 

_T_ REV:SED TDRR 6607 _TZ . 

U REVISED TD RR 1 7430 _ V* 

V REVISED TDRR 2234.4. _ l3£ • 

W ' RE/'SEP »£A TAR- 23222 * 7 \ 

Y {Rgy S£g 3£R - -RR - 2c '0 * 


ft-Sitf A i 
X- w ‘ 
y- 

I±r-444-^43 



/ SEE NOTE II 


VIEW F”F 


A/R A/R i A/R 
t A/R A/R [A/R 



- OUTER AXIS AS SEMB LY 

_ JZL OUTER Axi s ASSEMBLY _ 

_ — OUTER AXI5 ASSEMBLY __ 

_ - NUT.CLINCH PLAIN ' 1010861-6 

_ _4_SCREW,BUT. HO,SELF LKG.SPLSOC 100250-12 
MA/R TAPE.ADH,ELEC, 1/2 WIPE 

MA/R WEIGH^BALANCE S/M _ \J2 1 40S 

? 4 WASHER,CABLE^LAMP 1000223 

I CLAMP, CABLE_,100 0220-6~ 

1 3 ! C L AMR CABLE 11000220-5 

I IIMU-CDULOAD COMP MOO ~ ||QC 75 50 

M A/R ADHESIVE _ 1010838 

T I ! INSULATION C ASE HXCHR RH 1001477 

_ ~l | INSULATION CASE HXCHR LH 1001478- 

... ~ . INT ERGMBAL SUB-ASSY IX OA 1001506^2 " 


? A/R [ A/R AM 
I A/R : A/RjA/R 
A/R iA/R A/R 
A/ R A/R A/R 
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L ryfTERPRET DPWA/ilG IN ACCORDANCE \MTH ML-D-70B27 , 

2. ASSEMBLE $ TEST PER REQUIREMENTS OF ATP 1000001 

a SCREW TORQUE REQUIREMENTS t7% 

A. IQO IN. LB 

a 50 JN- La 

C 55 IN. La 
D INSTALL FINGER TIGHT 

4 MARK CHARACTERS JJ HIGH CXXJOR BLACK PER NO 1002019 AT LOCATIONS 
■ SHOWN 

5 SOLDER PER ML STD 440 USING (Zh . WIRE NSA-ATON SHALL BE >A4TMN 

06 OF SOLDERED CONNECTIONS _ 

6 USE ORAWNG NQ 000017 WANG DIGRAM PDRREFERENCE 

J3. SECURE LEADS FROM (T) TO QT) WITH (5T) - ~ 
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MOTES 

l NTERPRET DR*A/*JG IN ACCORDANCE-WITH M4-0-7C827 , 

2. ASSEMBLE $ TEST PER REQUIREMENTS OF ATP 1000001 

a SCREW TORQUE REQUIREMENTS ±7% 

A. IQO IN. LB 
a 50 JN. LA 
C 55 IN. LB 
Q INSTALL FINGER TIGHT 

4 MARK CHARACTERS jj HIGH OOLQR BLACK PER NO 1002019 AT LOCATIONS 
• SHOWN 

s SOLDER PER M4 STD 440 USING (Zf>. W*E Na^ATlON 94ALL BE wnHN 

06 OF SOLDERED CONNECTIONS _ 

6 USE DRAMNG NO 000017 WONG DIGRAM FOR REFERENCE 

_ SECURE UEADS FROM CD T0 CD WITH (ID 
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2. ASSEMBLE $ TEST PER REQUIREMENTS OF ATP 100000* 
a SCREW TORQUE REQUIREMENTS 
A. IQO IN. LB 

a so in. La 
C 2L5 IM La 
Q install rnger tight 

4 MARK CHARACTERS ;g HIGH COLOR BLACK PER NO I002CH9 AT LOCATIONS 
SHOWN 
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ISfT E RPRET ORAA/iG IN ACCORDANCE. WITH ML-0-70B27 
ASSEMBLE $ TEST PER REQUIREMENTS OF ATP (OOOOOI 
SCREW TORQUE REQUIREMENTS *7% 

A. IQO IN. LB 
a 50 JN. LB 
C 55 IN. LB 
Q INSTALL FINGER TIGHT 

MARK CHARACTERS jj HIGH COLOR BLACK PER NO 1002019 AT LOCATIONS 
SHOWN 

90LEER PER ML STD 440 USING (g): W*E MSU^TlON 9<AU BE WlWW 

06 OF SOLDERED CONNECTIONS _ 

USE DRAW*© NO 000017 WHNG OAfifUM POR REFERENCE 

SECURE LEADS FROM C~5~) TO (TT) WITH (TT) 

TAPE ITEM ^5) SHALL BE USED AS REQUIRED TO RESTRICT MOVEMENT OF THE 
HARNESS IN THE CABLE CLAMPS 
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MOTES 

1. KTTERPRET DR4A/AJG N ACCORDANCE \MTH ML-0-70827 

2. ASSEMBLE $ TEST PER REQUIREMENTS OF ATP IOOOOOI 

a SCREW TORQUE REQUIREMENTS *72 

A. IQO IN. LB 
a 50JNL i_a 
c as in. La 

Q INSTALL FINGER TIGHT 

4 MARK CHARACTERS $ HIGH COLOR BLACK PER NO 1002019 AT LOCATIONS 
SHOWN 

5 SOLDER PER ML STD 440 USING (g): WRE NSULATON SHALL 8E \MTMN 

06 OF SOLDERED CONNECTIONS _ 

6 USE DRAMNG NQ 000017 WRNS DIGRAM FOR REFERENCE 
TSECURE LEADS FROM (T) TO ( 77 ) WITH (|?J 

8 . TAPE ITEM (35) SHALL BE USED AS REQUIRED TO RESTRICT MOVEMENT OF THE 
HARICSS IN THE CABLE CLAMPS 
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SEE MOTE 3A 
l€ PLACES 



(FOR-031) ®©®- 

IFOR -Oil-021) (34j^20Xl9Xl6> 
2 r 'i ACES 

SEE NOTE 3D 

SEE NOTE 3D 
(FOR -030 ®®CEh 
(FOR-OI1-021) C2Q®f6K 


\sEE NOTE 30 


2 PLACES YCP 




B TDRR l36S"0 
C TDRR 14543 

D ! TCRR <4544 _ 

E ! TDRR 16329 
F ! TD RR 16807 

G I TDR R I80S3_‘ 

H REVISED PER TDRR 23794 

J Revised Per to«r z * i-c 




1 .aJur 


SEE NOTE T 
2 PLACES 


SEE NOTE 4 TYP - 



-YU) 

4 places 
SEE NOTE 38 


SEf^NCfii 3C 

(Hh 


a 



(EK 

12 ^LACESV 
SEE NOTE 3A\ 


,0 0 

a_o_frv.„ 

r Fo 


- - - 'gE SISTOS BS *ND Xj6> 

- 2 - I WASHER, FLAT ROUND 


1010928- 3*7 
MS 15795 303 _ 


- SCREW CAR SOC HD HEX S.L. 1001488-1 

- HOUSNG ASSYOUTER GIMBAL PpP^?- 011 

* A/R TAPE.ADH. ELEC. PRESSURE SENS lEiteftEj* ' 

8 .A/ASHER , FL/VV^OUND_MS i^TDS-TO^ 

[— [ MIDOLE AXIS A SSEMBLY_1001502-031 

- iMI DDLE AXIS ASSEMB LY 1001502-021 

Ha/r! TAPE NY LON vVAXEO 

2 ttSUL ,SL EEVING ELEC . HT -SHRINK 010490-202 
2 I SLEE VING. HEAT SHRINK |Ot0490-078T 

10 ISCREW CAP SOC *) HEX ^ f 000110-302 

! SOLDER_ 5N6CMA RP2 

4 NSULAD0NSLEEVM3 _ 006776-19 

4 3CRE vyBOTM35ELP;LWG.SR^SX (00025042 ' 


MIL-T-113 TYPE P CL2. 3 

p/S LONG 3 


I SCPE WOPSELE HEX , HQ SOCNg i352C0»u < 

' 28 9CREWCAR ^ELE LK6, HEX, HQSOOiiC l352CO*ll4 
4 SC REWCAPSEUT U4 G. HEX. HQSOC H>5B52C02 Uj< ~ 
' 12 SCREW Cap SOC HD hex iodouo-7 

9 SCREW. CAP SOC HD HEX lQOO HQ-1 

8 NAASFER, GABLE CLANP 1100022 3 ~ 

4 CLA M? CA B LE _110002205 _ 

I C LAMR CABLE_ 10002204 

4 CLA M? C ABLE_ _ '000220-3 ~ 

I WIRING HARNESS^C*" Q.A. 1000124 

I \MRWG HARNESS *B" QA. 1000034 

1 CLI P OuTEfi 5M8AL _ 1000244 ~ 

2 a am? capacitor. oar. gimbal 1000235 

8 clam? bloneR 1000157 

4 COVER. BR ACKET, OONNSHOR JOOO143 

2 CCVEP CONN. MT, OUTER GMJAL' 1000239 ' 

' _2_ CAPACITOR, FIXED _ _____ 010264 ^381“ 

2 SATURA BLE, REACTOR 1000266 

1 REGULATO R, 28 VOlT DC _1007013 l 

' m elop er, variable speed nooog i 9 _ 

' “FjR J SE.PlGTAlL.SUBMIN |000I7CH0[ 

2 RESISTOR, FIXED ~Q|Q325-50C 


_ SEE NOTE S _ 
SEE NOTE 8 
SEE NOTE 8 


MIDDLE AXIS ASSEMBLY 


3GMBN. 1 000103 


LIST Of PARTS *N0 MATERIALS 

OUTER AXIS 
ASSEMBLY 


ICC; 501 
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TQRR ■?? * 

TQWR >6400 ~ 
TDWR 16800 
TDBR (6607 
TDRR 16015 

Z0CQ7 

TDKR 204^5^ 


I INTEKG1MBAL SUB~A^YT)CMA|<0Qi5C6-3._ _ 

~ SCREW, SOC.HPHEX, S.L. 1001486-1 _ 

' HOUSING ASSY M.G. _ >000074-011 

: TA PL ADHESIVE ELEC M 

■ PRESSURE. SENSITIVE _ __ T 

INNER AXIS ASSY_1001903-031 

"INNER AXIS ASS'V _ <1001503-021 

INTERGIMBAL SUB-ASSY IX MA,001508-I _ 
1 fl Mtr,r IMH lj 1000220-5 

R SOLDER __ 5NG0>WARP 2[ C 

_ WASHER .CABLE CLAMP IOOQ2 2P _ _ 

_ CL AMP , CARLE _ 1000220- A _ 

CLAMP, CABLE __ 1000220^3 _ 

~ SCREW, CAP.Saf LKGlBEX HQiSOC itfSttS2CQ aU 
SCREW, CAP, SOC H P .HEX IQOOIIQ-I _ 
SCREW, PUT HD.SEIF LKfe.SPLSOC 1000250 • 12 
, SCREW, CAP.SELF LN&, HEX VO, SOC '*£>13S2C0*LIA 
I SCREW.CAP.SOCLUTUHEX _IQ QOnO-7 

■ CCVER, BRACKET CONN ICOQI4 P_ 

ADA PREAMP AVfr' M.G. >007853-0 l 

~ ACCEL ANGULAR DHTE RENTIATING,' 1000007 
~ INTERGIMPAL SUP ASSY IGX M.A. IQOOeOG 
- KTCRGIMPAL SUB-ASSY IX MA. CO 3^8-2 

INNER AXIS AVbY. _ .00.03-Oil 

HOOPING A«b5>V M.G._ 1000074 


3NCOWAPP2 QQ-P-571 

1000225,_ 

S D 22 Q-A _ 

0220-3 _ 

352CQ2U.1 ~~_ 


ust Of autts *wo materials 


Vide . 
see notc*M 


SEE NOTE a 14 

see hptl a Ts~j 
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WlRINS LEGEN# 


COND _ _ „ FIND „ jm]r _ 5EE 

NO C<X °* HQ. ***** 10 CHART 

> -1 WHITE _ A4-» kl-Z n 

1- 2 BLACK _ A4 - - A7- » O 

Z- l 'white A 5 -♦ ' AIO-I q 

2- 2 IBLACK AS - - 1 AIO- Z 0 


NOTES 

L INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70SE7 
£ ASSEMBLE f TEST PER REQUIREMENTS OF ATP 1000001 
S SCREW TORQUE REQUIREMENTS T7*JL 

A. 10.0 IN. LB 

B. 5.0 IN. LB 

C. S.5 IN. LB 

O. IQ lfeLLB ” 

4 MARK CHARACTERS E HIGH COLOR BLACK PER ND 10020ft AT LOCATIONS SHOWN 

5 SOLDER PER MIL STD - 440 USING (Tg) W1RE INSULATION SHALL BE WITHIN -OC. OP 
SOLDERED CONNECTIONS 

G. _ 

7. USE DRAWING NO. 1000017 WIRING DIAGRAM FOR REFERENCE 
«. TAPE ITEM (fl) SHALL BE USED AS REQUIRED TO RESTRICT MOVEMENT 
OF THE HARNESS IN THE. CABLE. CLAMPS 


































































-SEE NOTE Sft. 


SEE NOTE 5 
TZ PLACES 
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c 



SEE NOTE 


SEE NOTE 
4 PLACES 


SEE NOTE 
4PLACES 


B 


fTESt 

l INTERPRET DWG IN ACCORDANCE WTTH UL-D-70327. 
t. SCREW TORQUE REQUREMENT5: {*7%) 

A. KXO IN-LB 

B. 1.0 IN-LB 

C. 5.0 IN-LB 

3. ASSEMBLE per REQUIREMENTS of ATP 1000001 


A 
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* 















R ASSEMBLY 



INNER AXIS 
ASSEMBLY 













































































































































































































53 


DSEE NOTE 4 




SECTION D-D 

2 PUCES 


is 



SECTION C*C 
z rxb 


DETAIL F 

SCALE 4/1 

1001506-1 


x—® 

^ 4 PUCES 

/ 6 RACES 


x-CD 

—® 


-(36) SEE NOTE 4- 



WIRING LEGEND 


VUHT/BU* 

WT/owN/cy 

V*<TAEL/gBM 

WHT/0WM/6RN 

WHTjteWVttU 


•OOlSfl.S 
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SECTIONS E'E 
2 PLACES 


VIEW F-F 
TYPICAL INSTALLATION 
SEE NOTE 15 



view B- B 

NOTES: 

I. INTERPRET OWVMC IN ACCORDANCE WITH MA- 0-703*7 

E. MARK CHAWCTO g MSN COLOR *A* PW HO CMOS AT UXATION* 

* eccentwcity marks on both races or (T) to be aligned within b* or [-c-j and in tme erection 

or THE ARROW WHEN CD AND (t) AGE IN THE POSITIONSHOWN. APPLY THIN COAT OF (S) TO 
"'INSIDE DIAMETER OF (7J AND TO FAYING SIWFAC* OP (A) BEFORE ASSEMBLY. 

_;i APP.v (tf) ON THE THREADS OF ( j£) OR (53) BEFORE ASSEMBLING — 

A IDENTIFY USING DRAWING NOyRETASION LETTER, MRWCTUGR S SA SOL ♦ SERIAL HO. ON (J_/ f 
nmtchmg SERIAL NO ON (T) AT' THE indicated locations per NOTE 2. 

* SCREW TORQUE REQUIREMENTS £ 1% 

'By C-^ 40 IN. LB. 

(0) 103 Si LS 

(tp®©®® SOBLLB. 


WEST A-. 


Ce^C 2 S')( 2 c) s.§ i» 

7 SOLDER ALL LEADS FROM (T)^(4) TO LOWER SECTION OP APPROPRIATE TERMINAL PEI? MIL-STD-440 _ _ 

SOLDER ALL OTHIRLEADS TO EITHER UPPER SECTION or APPROPRIATE TERMINAL OR (jTj.® * ® 
PER mStD- 440 USING (3) . WIRE INSULATION SHALL BE WITHIN .OS OF SOLDERED CONNECTIONS. 

* MEAT SHRINK SLEEVING QN .TElST® SOFTER ASSEMBLY 

P. CAUTION*. SO NOT SEPARATE STUB SHAFT (£) FROM HOU SING BEARMSORREMOA^E 
TDRQUS MOTOR (T) WITHOUT FIRST ASSEMBLING FEEFER TO TONGUE MOTOR • 

A MAXIMUM ALLOWABLE TDRM * OBrlN. _ 

14. mmhpX l TEST PER THE REQUMBMENTS OF ATO P OOOOG. 

; ^m.SZXS'ZZm *CE%*** W Ttsr $ NSP€CTWM. 



imt 


SEE NOTE 4 


5 



DETAIL F 

SCALE 4/1 


1001506-1 



NO. OP LEAPS 1 NOt OP FULL TURNS MIN | NO.OF FULL TURNS MAX 











2 places 


mm? 


4 WRS 


36)SEE NOTE 4 



semoN D-D 

2 PLACES 


DETAIL F 

SCALE 4/1 

1001506-1 






<56) SEE NOTE 4 
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SECTION C-C 

2 fMCES 




WIRING 

LEGEND 

COHO 

NO 

COLOR 

'w* 

FROM 

u>-\ 

KD 

41 

PB-F 

*«-* 

BLK 

53 

P8-C 

67 

vwVreo 


se-^KT/Rcn" 

^6S 



w-wktMk 

49 

TEL 

42 

BB-P2 

?o 

VWT/VCL 


SB-wmt/vkl 

71 

VKHT/BUi 


BB-WHl/BUJ 

72-1 

vwt/o*w7©T" 


BO-PI 

72-2 

WHT/Vel/GW 


BOPS 

73-/ 

WHT/oRN/WN 


B0-P2 

73-2 

whtAx^Vvel 


BB-fH 

rt 

RED 


BO-PEP 

7S 

BJl 


BB-MX 



a » shld em 

39 SHIP 34 

39 SHIP 49 

39 SHLD 4T 
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view F-F 
typical installation 

SEE NOTE 13 



view B- B 


notes: 

I. INTERPRET OMMN6 IN ACCORDANCE WITH MIL-D-703*7 

&. MARK CVOIMCTERS g HEN COLOR SUCK PER *>WWO» AT LOCATIONS 

SHOWN __ _ ,__ 

3 eccentricity marks on both races or (T) TO BE aligned WITHIN s* OF l-C- 1 ANO IN THE direction 
or THE ARROW WHEN QD AND CD ARE IN THE POSITION SHOWN. APPLY THIN COAT OF (£2) TO 
inside diameter or (Jj AND to faying surface or (T) BEFORE assembly. 

4. AP = _v (I?) CN THE THREADS OF (jP) 0R (ID BEFORE ASSEMBLING 

3 IDENTIFY USING DRKWW6 NO.,REVISION LETTER, MANUFACTURERS SYMBOL i SERIAL NO. ON Qj 4 
WSTCHNG SERIAL m ON (T) AT THE INDICATED LOCATIONS PER NOTE 2. 

4 SCREW TORQUE REQUIREMENTS t 1% 

QDdD *0 IN. LB. 


( 23 ) N US 

dD®©®® SO Hi LA. 

® S * # * 13 

1 SOLDER ALL LEAD® FROM (T) £(4) TO LOWER SECTION OT APPROPRIATE TERMINAL PET? MIL-9TD-<440 
MSI NO (5$). SOLDER ALL OTHER LEAD® TO EITHER UPPER SECTION OF APPROPRIATE TERMINAL OR GD,® 
PER M1L-STD- 440 USING (*•) . WIRE INSULATION SHALL BE WITHIN OS OF SOLDERED CONNECTIONS. 

MEAT SHRINK SLEEVING ON ITEMS(47)a(48) AFTER ASSEMBLY 

CAUTION: DO NOT SEPARATE STUB SHAFT FROM HOUSING BEARING (T) OR REMOVE 

TORQUE MOTOR © WITHOUT FIRST ASSEMBLING KEEPER TO TORQUE MOTOR (±). 

MAXIMUM ALLOWABLE TORQUE S Ol.'IN. 


USE CHICAGO STITCH LACING N AREAS WOCATCD. 

PROTECTIVE GAP, NASA OWE NO BOMBS,TO BE REMOVES OHTjAS NECESSARY FOR TEST $ MSPEOION. 




























































































































SECTION D-D 

Z PU«ES 


SECTION C-C 

2 PUCES 


JtH 

a 


<36) SEE NOTE 4 


—CIZ) 

0 PUCES 

—<g) 

X PUCES 

—® 

4 RACES 

f B2~ 

V 4 




- 

WRING 

LEGEND 


w 

COLON 

'*s? 

FROM 

TO 

44-1 

f«D 

41 

P0F 

B4PI 

**-* 

BLK 

19 

r+c 

BSP3 

47 

whi/rbd 


R8-WKTAM6 

ss-n 

44 

rw/wt 



‘1S4S 

<9 

TEL 

42 

a-P2 

BB4» 

70 

wwA/cl 


IS-WITT/ML 

IMS 

71 

wr/blu 



BSfH 

72-1 

WWT/ORN/0T 


BO-PI 

IMF 

72-2 

WMT/YEV./SRH 


BOPS 

C2-44 

75-/ 

WMT/o«»V 5RN 


SOPS 

1242 

73-2 

VMiT^ftVVtL 



E24* 

ft 

RED 


SO-PIS 

WL 

7T 

_ SkS _ 


SOMA 

_ *»» 

74 

TEL. 


s^tcl 

im 

77 

BLD 


BOSUI 


74 

VMT/SRUBUi 


n-t 


79 

**n/*LWf 


Ifr* 

I24» 


*CC!*Oe 


34 SHLD 24 

34 3HLP 44 

39 SHLD 49 

39 1HLO 4T 


I Ltll l 

1*7711 


















































































































35) SEE MOTE 4 




SECTION 0 0 


SECTION C’C 

2 PLACES 


DETAIL E 

SCALE 4/1 

1001508-1 


4 PLACES 



■r 


-SEE NOTE 2 FTP 


i)nc MOVED 




SEE NOTE 2 TVP 


VIEW SHOWN WITH ITEM © REMOVED 


1001508-2 


VIEW SHOWN WITH ITEMS 4 (ED R EM OVE0 


i 1001508 TbTT 


>0015 02 |0 LV00I500] 

•Kit MA’ 


1 

TT 

RING FOAM “ IIOOI5I5-2 I 



59_ 

_ 

i 

SPACER, 1' 

ooisa3 I 



68 

_ 

i 

DETAINER, RING, FRICTION (MODI 10015 £4 



57 

_ 

i 

,HAFT, STUB 1/ MIDDLE AXi4(M«|IOOI5 - 2l 



56 ^ 

2 


NS SLV ELEC HEAT SHRINK 1010490-180 


V4U»..... 

55 


i 

sHLD t GROUND ASSY 11000020-2 



54 



5HLD$ GROUND ASSY 1000020-1 



53 

2 ’ 

2 

5CR FLAT HD SELF LKG jlOOO 104-3 



52 

V - 

3 

SCR BUT HD SELF LKG 1000250-13 


_____ 

51 


1 

Limit switch m.a. Iiooisso 



50 

13 

IS 

MSULAnON, SLEEVmS. ELEC. 

00b77b- lb 



It 

A/R 

a£ 

TAP= , NYLON, WAXED 


MtL-T- "713 

t < r c_ 2 

46 

A/R 

1 

1 

A/R 

grease, lub(beacon 1*3) 


ML-6- 

3278 


47 

1 

BRACKET, RETAINING 

WIRE ELEC. TYPE E-28 ORN 

001589 

010416-4 


2D*TOTXL Uft 

4* 

43 

1 


WIRE ELEC. TYPE E-28 VIO 

1010416-8 


B'TOTAL lb 

44 

1 

1 

WIRE ELEC TYPE E-28 BRN 

1010416-2 


30* TOTAL LG 

*L 

1 

1 


1010416-6 


20*TOTAL Uo 

42 

1 

1 

WIRE ELEC. TYPE E-28 BUJ 

1010416-7 


5'TOTAL LG 

41 

1 

1 

WIRE ELEC, TYPE E 28 GY 

1010416-9 


i^TOTAL UG* 

A , 



WIRE ELEC TYPE E-28 YE_ 

WIRE elk; type E-28 RED 

1010416-5 


3'TOTAL LG 

?*. 1 

1 

1 

1010416-3 


jb'tutal lg| 

36 


1 

WIRE ELEC TYPE E-28 WHT 

1010416-10 


0* TOTAL Uft 

JZ- 


1 

WIRE ELEC, TYPE E-28 BLK 

1010416-1 


12** TOTAL LC 

36 

A/R 


ADHESIVE, GOODYEAR CW9EM 


MIL-A- 

3669 


35 


n- 

CONTACT 

1001*83 


SEE NOTE 15 

34 

81 

61 

INSULATION SLEEVING ,ELEC 

1006776 - >S 



33 

ft 

6 

CLAMP. TORQUE MOTOR 

1000067 



32 

2 

2 

SCR, BUT. HO, SELF LKG, SPL. SOC 

IOOOZ50 -Z 



31 

6 

6 

SCR.CAR SELF LKG. HEXHD-SOC 

WW352CC2U4 



30 

1 

1 

RING FOAM 

,001515-1 



29 

6 j 

~6~1 

SCR. BUT HO. SELF LK6.SPL SOC 

10002*3-15 



26 

6 

in 

SCR. CAP, SELF LKG. HEX HD,SOC 

iAsasy^4a4 



27 

4 

3: 

SCR, FLAT HD. SELF LKG.HEX.SOC 

lOOOir 4-17 



26 

4 

4 

WASHER. FLAT. ROUNO 

iooor’54 



25 

7 

7 

SCR. BUT.HD. SELF LKG, SPL SOC 

I000£50-I2 



24 

6 

6 

SCR. BUT. HD. SELF LKG. HEA.SOC 

IOOOC 93-25 



23 

6 

6 

SCR. CAP. SOC HO, HEX 

IOOOIIO-T 



22 - 

A/R 

a/r 

SOLDER 

SN6C WARP 2 

IQC- S 

-57/ 


21 £ 

A/R 

A/R 

SOLDER 

SN IJ WARP 2 

QCS 

-57| 


20 - 

2 

2 

NSULATION SLEEVING .ELEC 

1006776- 9 


.3k*— 

J3- c 

2 

2 

BUSHING, INSULATEO 
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2. MAT'L: URETHANE FOAM PER MIL-P-26514 A TYPE I.CLASS 2; CELL STRUCTURE, 
OPEN CELL*.COLOR,BLACK;DENSITY OF PART 2.5 TO 3.0 LBS./CU.Ft..THERMAL 
CONDUCTIVITY AT 75°F - 0.30 BTU/HR. SQ.FT. fF/IN) MAX.;SURFACE TO KAYE 
WATER-SHEDOING CHARACTERISTIC.MAT'L SHALL NOT SUPPORT COMBUSTION AND 
SHALL BE SUITABLE FOR SERVICE AT A MAX TEMP OF 200° F. 


3.1/32 MAX RADIUS UNLESS OTHERWISE SPECIFIED 

4 . WALL THICKNESS TO BE 1/4+^ 16 

5 . IDENTIFY USING DWG. NO.,REV.LETTER 8 MANUFACTURERS SYMBOL PER ND1002019 


3 


2 



1 


Si «•%:. 


















Liffl 


jgywssTsajss; 

l CSINK 0 b*t5* TO j|8 DIA 
\ 3 HOLES SPACED AS S H QWN 
\ON 4.125 DIA BSC |^ B 010DIA 


-NO 2 4)06)56 NC-2B 200 MIN FULL THO 
CSK §5*;S’ TO DIA 2 HOLES 


SPACED AS SHOWN ON 750 DIA BSC 
A004D!a1 


r-NQ4 (ll 2) 40NC-2B 
250 MIN FULL THD 
CSK 85*^5* TO j |8 DIA 

WSiSSStfatH 


DEEP- 

3 PLACES equally 


SPACED ON 4.125 
DiA BSC 
reE.oiooiAl 



17^30' / 

BSC X _ 

1 7*30BSC 


DATUM PLANE J 
II G .0002 
SEE NOTE 8 


•]£? DIA THRU-^"* 

250 DIA CBORE 625 DEEP 
6 HOLES SPACED AS SHOWN , 
ON 4125-DIA BSC|&b q05DIA| 


SEE DETAIL 6 



10ATUM PLANEGlSEE NOTE 7 


^■312 TYP H“D 


H^WIOE SLOT 


“SSo^^llN^FULL 0 TH? 
CSK 85*i5* TO ;J| DIA 


6 PLACES EQUALLY SB 
ON A 4312 DIA BSCR 


-U§?k 

SECTION A-A 


-Sit DIA THRU 
312 DIA CBORE 
• SF -390 DM TO 0 
CSK 60* 15* TO 


'-NO 4 (112) 40 NC-20 THRU 
CSK 05‘i5*TO [| DIA 
3 HOLES EQUALLY S PACED 

3H0WN-FARM*- SEE SECTION A~A l^ B OOS DIA! 
OIA— FARSlOE — 


4.312 niA 
-4302 01A 

m d qiotirI 


DETAIL G 


4 PLACES EQUALLY SPACED 
WITHIN ±005 
SCALE 2/1 


INTERPRET DRAWING IN ACCORDANCE WITH MK.-D-70327 
2^MACHINE FINSH UNLESS OTHERWISE SHtOHfcD 
1BHEAK SHARP EDGES 

4INSI0E CORNERS .010 RAD UNLESS OTHERWISE SPECIFIED 
S IDENTIFY USING DRAWING NO. REVISION LETTER, ANQ 



?€25-32NS-2B 

LENGTH OF ENGAGEMENT .218 
MAJOR DIA .€2F NOMINAL 


r$40 R ALL EDGES 
\0F SLOT 


PO (ft A .005 TIR 
PDX F .002 


Hk— u 


SECTION B-B 

SCALE 2/\ 



SECTION C-C 


scale 2/1 

2 PLACES 


•:§i£ WIDE R ;g£g DEEP 


DETAIL E 


40 X 45* ±5* CHAMFER 7 
ALL AROUNO / 


3.500 OIA 
DATUM 



PER ND 1002019 

< CB " 1 " y 

gSft A * *” * 

8* DENOTES ALL DIMENSIONS REQUIRED FOR REWORK OF 
ALL OTHER •MAENSIONS ARE REFERENCE 


SCALE 4/1 ~ 
SEE N QTE 9_ 


VIEW D'D 

SCALE 1/ 


8^X45* ±5*-- 

W CHAMFER 


040WIDE— 

Xg^DEEP 


“138 01A THRU ’ 

CBORE .187 OIA TO DIM SHOWN 
CSINK 60* ±T TO ||g OIA 
8 HOLES 


TYP 2 PLACES 


-g|8 X 45* t5* CHAMFER 


SECTION F-F 

SCALE 2/l 


LOT or PftWTS AWD MATEMAIJ 


SHAFT, STUB _ 
ONE SPEED OUTER AXE — 
(MOO) _ 


( 0OI50F DLI00I50C m m mm . I A) 

SnSl - h— m~ MAKE FROM NASA 

- ■—‘a " ■ DWG IOOOC "6 • ITT 


IOOI52Q 





























rj^jDIA THRU 
\ CSlNK arts* TO l|8 DIA 

\ 3 holes spaced as shown 

\ ON A 4.125 OI A BSC 
\|»BOIOD<A| 


SfrTXA SLOT 


t-No4(Jl2) 40 NC-2B 


j|f OIA 85 DEEP—. 
3 ft-ACES EQUALLY 
SPACED ON A 4.125 
DIA bX 

£ -QIQ Diin 


r-NO4 0t2)4ONC-2B 
250 MIN FULL THD 
CSK 85*15* TO jJgDIA 
6 HOLES SPACED AS SHOWN 
ON 4.125 DIA BSC 
I4B E Q05 Qia1 


DATUM PLANE J 
11 G 0002 
S&E NOtE * 


iraor 

bsc 45 050 

1 7-30'bscl!:/ „ i 

- 1 — 


18x45*15* CHAMFER 
*°BOTH ENOS 
A.QQ05TIRI 


> y\^-No 2 (086)56 NC-20 
' -280 MIN FULL THD 

?X250 CSK 85*15* TO JggDlA 

\ TYP 2 HOLES SPACED AS SHOWN_ 

\ ON 750 DIA BSC l& A 004 DIA 

k 45*0* - 

<2 PLACES ^SLOT F 


■& a w f?@» 


18?°“ 1 


SLOT F 

H-D 


A*/ '-SEE OETAIL 6 


IATUM plane 5| see NOTE 7 

--H-D 


If! DIA THR 
250 OIA CJS 


>0 DEEP 
AS SHOWN 


Lfl20 RAO MAX 


a 


cm 


-No 4(112) 40 N02B THRU 
CSK 85*15* TO ||8 DIA 
3 HOLES EQUALLY SPACED 
SEE SECTION F-FI# B 005 OIA 1 


-8J8" 


&T ’ <*? 

lie 00021 33 


-.238 OIA THRU 
312 DIA C80RE AS SHOWN 
ON 1450 RAO occ 
60* U* CSK TO DIA—FARSIDE— 


\ .187 DIA CBORE , 
YfVtrCSK TO jj 

\4 HOLES AS 


DIM. SHOWN 
DIA —FARSlDE- 


SECTION A-A 


-.625-32 NS-2B 
LENGTH OF ENGAGEMENT .21ft 
MAJOR DIA .625 NOMINAL 


BIIOR OUT J - TO DEPTH SHOWN 


1 U,A .591 2 
I A .005 TIR 
» F.OQZ 



SECTION B-B 

SCALE: 2/1 


-.QIQ y »r** r 
- .020 X45 15 
. 7 2 .PLACES ~ 


♦MS T** 

^-.040 WIDE X -.gig DEEP * 


1500 R TYr 
BSC 


88 ^ 

2 PLANS' 


hfOTES 

IftfERPRET 0RAWM6 IN ACCORDANCE WITH MIL-0-70327 
I^MACHNC FftftSH UNLESS OTHERWISE SPECIFIED 
fc BREAK SHARP EOGES 

A INSIDE CORNERS OIO.R UNLESS OTHERWISE SPECIFIED 


DETAIL E 


PER MD 100201 9 

w A< C£WB,0F 



R ALL EOGES OF SLOT 


._ SCALE 4/1 
SEE NOTE ft 


8f8* 45*15*- 
CUAMFER 


8i2x45*i5*-> 

CHAMFER 


jggx 45* IS* CHAMFER 
-858 WIDE xg^goEE*" 


3.-4 DENOTES ALL DIMENSIONS REQUIRED FOR REWORK QF 
ALL OTHER GMKNtlQNS ARE REFERENCE -— ~ — 


SECTION. C-C 

SCALE. 2/1 
2 PLACES 


H i# 0 QIOfiRl 


rgjgx 45* 15* CHAMFER j 
I ALL AROUND / 


DETAIL G 

4 PLACES EQUALLY SPACED 
W.THIN *005 
SCALE 2/1 


SECTION F-F 

SCALE: 2/1 


LIST OF MATS AND MATERIALS 


VIEW D-D 

SCALE: t/t 


shaft; stub 

ONE SPEED 
MIDDLE AXIS (MO®) 


[ ■ >00^0? pLjg gB SSS FROM NASA % 
I — 4 - — DWG 10001QE TTj 



3 ** 
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Hftou T «RU 

\250 OlA CBOHE 437 DEEP 
\ NO 6 (138) 32 NC-2B THRU 
\CSINK 85*t5* TO !|8 DIA 
\ 3 HOLES SFPCED AS SHOKVN 
\ ON A 4,125 DI A BSC 


rll? °*A MILLED SLOT 
\ 6 PLACES EQUALLY SRA* 
\ ONI 4.375 OA BSC j^Tpl 

VNo40l2)4O NC-2B 

\ 2 c?teV H ;| 8! 



jlloiA^OEEP— 

3 PLACES EOUALIY 
SPACED ON A 
4.125 DIA BSC 
[&E.OIODIA] 


DATUM PLANE J 
II G .0002 
SEE NOTE 8 


ff DIA THRU- 



r-NO. 4 01 ^ 40 NC-2B 
250 MIN C ULL THO 
CSK 85*15*TO j|8 DlA 
6 HOLES SPACED AS SHOWN 
ON 4.125 DIA BSC 
I&EQ05DIA1 


> A 0002TIR 
— D — 

32/ 




,-£28 X 45*15* CHAMFER 
r ^ ' BOTH ENDS 


l see detail 6 


_L C POQI j 





-No 2 0086)56 NC-2B 
280 MIN FULL THD 
CSK 85*15* TO JggDlA 
2 HOLES SPACED AS SHOWN , 
ON .750 DIA BSC l& A 004 DIAl 


IDATUM PLANEGI SEE NOTE 7 

K-D 


i A Q002TIR 
—B— 


250 DIA CBORE 500 DEEP 




-Be8» TYP 


^020 RAD MAX 


312 DIA CBORE AS SHOWN 

ON 1.450 RAD. occ 

60*21* CSK TO DIA—FARSIDE— 


V J |38 D, A TMRU 

\.I37 DIA CBORE TO DIM. SHOWN 
\BE* tr CSK TO j|? DIA —FARSIDE— 

\ 8 HOLES ASSHOWN 


SECTION A-A 


\T® 


ri 


-.625-12 NS-2 B 
LENGTH OF ENGAGEMENT .EIB 
MAJOR DIA .625 NOMINAL 

PITCH DIA *i§3? — 


PD# A.005 TIR 
. P D3—FA302 



SECTION B-B 

SCALE: 2/1 


•OlO W 4|*4| 

^Q2Q i4S * ' 
_£ PLACES 


-.040*“ :, .OM 0reP * 


JfQISS. 

L INTERPRET DRAWING IN ACCORDANCE WITH MIL- D 70327 
2 6 ^ MACHINE FINISH UNLESS OTHERWISE SPECIFIED 
a BREAK SHARP EDGES 

4 INSIDE CORNERS .010 R UNLESS OTHERWISE SPECIFIED 

5 


®40 R ALL EDGES OF SLOT 


j '*A"ui5fORN? I SaRT”'TEMPERATURE"’of 68*F il*F . 

7 TOaB3U£^pS^ a < center of 

•$8r^*£g&mX£S5Fj A < CENTER * 

.%* DENOTES ALL DIMENSIONS REQUIRED FOR REWORK OF 
; ALL OTHER DIMENSIONS ARE REFERENCE 


: WITHIN SPECIFIED LIMITS AT 



DETAIL E 

T" SCALE 4/1 
_Z : SEE NOTE 8 


SECTION C-C 

SCALE 2/ 

2 PLACES 


. A.3I c. 

L ^43q; 

Hnroi 


g$X45*iS*-^ HI 


joIB x 45 ‘ ^chamfer 


WIDE DEEP 


r^iXX 45* 15* CHAMFER -j 
I ALL AROUND / 


DETAIL G 

4 PLACES EQUALLY SPACED 
WITHIU !0C5 
SCALE 2/1 


SECTION F-F 

SCALE. 2/l 


VIEW D-D 

SCALE: l/l 


UST or PARTS AND MATERIALS 


SHAFT STUB 

ONE SPEED 
INNER AXIS (MOO) 


I MAKE. FROM NASA 
DWG 1000057 


1001522 


5 



























































UNLESS OTHERWISE SPECIFIED 
I..— — DIMENSIONS ARE IN INCHES INSTRU 

CAPACITOR VALUES ARE IN pf CAI 

RESISTOR VALUES ARE M OHMS . ; 

_______ TOLERANCES ON DRAWN f— 

FRACTIONS DECIMALS ANGLES CHECKED _ 

A — 3k ““ 3k 1 "■ APPROVED^ 
___________ DO NOT SCALE THIS DRAWING * 

_ MATERIAL TITANIUM WW ” 8 

DLI00I500 ALLOY BAR* SAL^JEtf APPROVED J 

- ||Mn ■ — CLASS E,.PER_ M,T ” 

-MIL- T- 9041- approved^ 


MIT 

INSTRUMENTATION LAB 

CAMBRIOOC. MAS*. 


MANNED SPACECRAFT CENTER 

HOUCTON, TOA*_ 

RETAINER, RING, 
FRICTION (MOD) 


ICOOE IOCNT NO.I SIZE I 


DATE I SC** 4/1 


1001524 



























































































REVISIONS _ pyCUl 

ZONE SYM DESCRIPTION | DATE APPROVAL 

_: A #£V/S£OA£# 7~£>tt OS3tO tl/ufo (jU 


INTERCONNECTIONS 
LI-I (SEE NOTE 2)1 L2-T~ 
LI-3(SEE NOTE 2) L2-3 
LI-9(SEE NOTE 2) L2-9 

LI-6 _ L2-6 

LI-8 L2-8~ 

LI-II I L2—iT 

L2-7(SEE NOTE 2) L2-I2 


LEAD IDENTIFICATION 
ON SCHEMATIC I ON REACTOR 


GREEN (L2) 


.50 DIA 
MAX 


SEE NOTE 


RED (LI) 


14 PLACES 


;88 MAX—H 6.00 MIN 
14 PLACES 


MIN L— 


Ll-I 

LI-2 

LI-3 

LI-4 

LI-5 

LI-7 

LI-9 

LI-10 

LI-12 

L2-2 

L2-4 

L2-5 

L2-7 

L2-I0 


RED I 
RED 2 
RED 3 
RED 4 
RED 5 
RED 7 
RED 9 
RED 10 
RED 12 
GRN 2 
GRN 4 
GRN 5 
GRN 7 
GRN 10 


WINDING RES I STANCE (REF) 
±20%<®25°C 


FROM 

TO 

OH IV 

Ll-I 

LI-2 

10 

LI* 3 

LI-4 

10 

Ll-I 

L2-2 

10 

LI-3 

L2-4 

10 

LI-5 

L2-5 

190 

LI-7 

L2-7 

180 

LI-9 

LI-10 

25 

LI-9 

L2-I0 

25 

LI-12 

L2-7 

15 


notes: 

1. INSULATE BETWEEN REACTORS WITH .002 MYLAR TAPE PER MIL-I-15126. 

2. BRING OUT ONE LEADWIRE. 

3. PREHEAT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING WITH IMPREGNANT. 
PULL NO VACUUM. BAKE 24HRS AT I80°F 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. SET LEADS EQUALLY SPACED AROUND PERIPHERY OF 

WINDING, WITH MYLAR TAPE PER MIL-I* 15126, ORDER OPTIONAL 

6. PART NO. 1001529 MUST BE A MATCHED PAIR. 

7. THE RESISTANCE BETWEEN WINDINGS SHALL NOT BE LESS THAN 
. I 10MEGOHMS WHEN MEASURED AT 250VDC AFTER BAKING 

8. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED 
BY MIL-D- 70327 


A/R WIRE (LEADS) 
A/R IMPREGNANT 

A/R TAPE _ 

2 CORE 8 COIL ASSY 


NOMENCLATURE 
OR DESCRIPTION 


1 006711-13 
1010687* 1 

1001529 

PART OR 
IDENTIFYING NO. 


AW6 30 


SPECIFICATION 


SEE NOTE 5 
SEE MOTES 314 
SEE NOTE 1 ' 
SEE NOTE 6 " 

MATERIAL 
OR NOTES 
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DIMENSIONS ARE IN INCHES 
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FRACTIONS OECIMALS ANGLES 


DO NOT SCALE THIS DRAWING 
MATERIAL 


M I T 

INSTRUMENTATION LAN 

COMTRACT 


1/€W _ 

for MSC 


LIST OF PARTS AND MATERIALS 


REACTOR ASSEMBLY 

(FIRST STAGE) 


SCALE 

NONE 
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1001528 
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[ INTERCONNECTIONS ' | 

li-ksee NOTE 2) 

L2-I 

LI-3(SEE NOTE 2) 

L2-3 

LI-91SEE NOTE 2) 

L2-9 

LI-6 

L2-6 

LI-8 

L2-8 

Ll-ll 

L2-II 

L2-7(SEE NOTE 2) 

L2-I2 


[ LEAD IDENTIFICATION | 

ON SCHEMATIC 

ON REACTOR 

Ll-I 

RED 1 

LI-2 

RED 2 

LI-3 

RED 3 

LI-4 

RED 4 

LI-5 

RED 5 

LI-7 

RED 7 

LI-9 

RED 9 

LI-10 

RED 10 

LI-12 

RED 12 

L2-2 

GRN 2 

L2-4 

GRN 4 

L2-5 

GRN 5 

L2-7 

GRN 7 

L2-I0 

GRN 10 


0 


GREEN (L2) 



ZONE 

SYM 

DESCRIPTION 

DATE 

APPROVAL 


A 

&£l//S£0 7~0PP OS3S0 

tt/ufr 3 

vA. 


3 

REVISED PE# TVRR U6& 

Mi 



RED (LI) 


SEE NOTE l(2) 



14 PLACES 


A. 


-.88 MAX- 


6.00 MIN 
14 PLACES 


WINDING RESISTANCE(REF) 

± 20%'<® 25°C 

FROM 

TO 

OHMS 

LI - 1 

LI-2 

10 

LI' 3 

LI-4 

10 

LI - 1 

L2-2 

10 

LI-3 

L2-4 

10 

LI-5' 

L2-5 

170 

LI-7 

L2-7 1 

180 

LI-9 

LI - 10 

25 

LI-9 

L2-I0 

25 

LI-12 

L2-7 

15 


notes: 

1. INSULATE BETWEEN REACTORS WITH .002 MYLAR TAPE PER MIL-1-15126. 

2. BRING OUT ONE LEADWIRE. 

3 PREHEAT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING WITH IMPREGNANT. 
PULL NO VACUUM. BAKE 24HRS AT I80°F 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. SET LEADS EQUALLY SPACED AROUND PERIPHERY OF 
WINDING, WITH MYLAR TAPE PER MIL'I* 15126, ORDER OPTIONAL 

6. PART NO. 1001529 MUST BE A MATCHED PAIR. 

7. THE RESISTANCE BETWEEN WINDINGS SHALL NOT BE LESS THAN 
10MEGOHMS WHEN MEASURED AT 250VDC AFTER BAKING 

8. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED 
BY MIL-D- 70327 


LIST OF PARTS AND MATERIALS 


M i T 

INSTRUMENTATION 
LABORATORY 
Cawwioo«. Ma—. 


M I T 

INSTRUMENTATION LAS 
CONTRACT 

NAS 

•PROVED 


/eve/ 


DATE 


f APPROVCO FOR MSC 

pj O 


REACTOR ASSEMBLY 

(FIRST STAGE) 


SCALE 

NONE 
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NASA OS AWING NO. 

1001528 


SHEET 
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ZONE SYM 


DATE I APPROVAL 


INTERCONNECTIONS 
LI-I (SEE NOTE 2) 1 L2-f~ 
LI-3(SEE NOTE 2) L2-3 
LI-9'SEE NOTE 2) L2-9 

LI-6 _ L2-6 

LI-8 L2-8 

Ll-ll _ L2-II 

L2-7CSEE NOTE 2) L2-I2 


LEAD IDENTIFICATION 
ON SCHEMATIC I ON REACTOR 


GREEN (L2)- 


.50 DIA 
MAX 


SEE NOTE l(2) 


RED (LI) 


14 PLACES 


188 MAX- 


( 6.00 MIN Y 
14 PLACES 


Ll-I 

LI-2 

LI-3 

LI-4 

LI-5 

LI-7 

LI-9 

LI-10 

LI-12 

L2-2 

L2-4 

L2-5 

L2-7 

L2-I0 


RED I 
RED 2 
RED 3 
RED 4 
RED 5 
RED 7 
RED 9 
RED 10 
RED 12 
GRN 2 
GRN 4 
GRN 5 
GRN 7 
GRN 10 


notes: 

1. INSULATE BETWEEN REACTORS WITH .002 MYLAR TAPE PER MIL-1-15126. 

2. BRING OUT ONE LEADWIRE. 

3. PREHEAT WINDING AND HYSOL TO 250°F. IMPREGNATE WINDING WITH HYSOL. 
PULL NO VACUM. BAKE 24 HRS AT I80°E 

4 . WIPE IMPREGNATION DURING CURE CYCLE. 

5. SET LEADS EQUALLY SPACED AROUND PERIPHERY OF 
WINDING, WITH MYLAR TAPE PER Mll-I-I5I26,0RDER OPTIONAL. 

6 . PART NO. 1001529 MUST BE A MATCHED PAIR. 

; 7 . Tfk RESISTANCE BETWEEN WiNd/NqS Si/aLL Nor BE LESS tNaN 
_ ... toMEGOt/MS H/NeN MEASt/RED AT SOOi/OC AFTE/% £AA?7j /<*— 




A/R WIRE(LEADS) 

A/R HYSOL _ 

A/R TAPE _ 

2 CORE ft COIL ASSY 

QTY. NOMENCLATURE 

REQO. OR DESCRIPTION 
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1001529 
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SPECIFICATION 


SEE MOTE 5 
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SEE NOTE 6 
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TOTAL NUMBER WINDINGS 6 


TURNS AWG WIRE 
~ SIZE ^ 

TYPE OF 
WINDING 

160 41 

RANDOM 

160 

RANDOM 

800 

RANDOM 

COMMON 

800 : : 

RANDOM 

COMMON 

200 ‘ 

RANDOM 

COMMON 

50 

' r ..._ ^ 

RANDOM 

COMMON 


. : W1ND1hlG DATA 


.'WlMOIVlG : 
RESlSTAKlCI 

OHMS-20% 6)25Z{ 

K) 


lehg,th .size 

6 <3 


LEAD S _ 

I IDENTIFICATION 
£ START I FINISH 
I 2 




Noris: 

T- INSULATE BETWEEN WltlDlllGS tio.! 4 ll0,2 WITH A .005 POLYESTER WASHER 
rPEFt MIL-I-G3I TYPE G- 
' 2 - CORES MUST BE A MATCHED QUAD 

AND TWO PARTS 1001529 BE MADE. 4 ~ 

3- WIND WINDINGS OVER ENTIRE. LENGTH OF CORE. I-— 

4- TURNS OR TURNS RATIO TOLERANCE ±1%. 1 

5- («) DENOTES THE SAME INSTANTANEOUS POLARITY. | 

6. BEFORE WINDING* TEMPERATURE CYCLE CORES FOR A , 

MINIMUM OF 5 DAYS PER ND-1002209. CORES MUST MEET 1 

PERFORMANCE REQUIREMENTS OF SCO 1010688 AFTER I 

TEMPERATURE CYCLING. 

7. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS I 

PRESCRIBED BY MIL-D-70327. 1 
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SPECIFICATION 


SEE tlOTE I 
SEE DATA 
SEE tlOTE Z 

MATERIAL 
OR NOTES 
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:vsn Mai mg data 


TOTAL NUMBER WINDINGS 6 


WINDING 

NO. 


TURNS 


AWG WIRJL TYPE OF [.'WlMDIfclG 


LEAD S 


SIZE 




START 



FINISH 


2 


WINDING LRESlSTAKlCC LC&iTH I S1Z.E 


RANDOM 


RANDOM 


RANDOM 

COMMON 


RANDOM 

COMMON 


RANDOM 

COMMON 


RANDOM 

COMMON 


T- INSULATE BETWEEN WIMdiMGS Uo. 1 # Mo. 2 WITH A .005 POLYESTER WASHER \ l - 

' PER MIL-I-G31 TYPE G- , 

2- CORES MUST BE A MATCHED QUAD 
AND TWO PARTS 1001529 BE MADE. ' 

3- WIND WINDINGS OVER. EMTIRJE LENGTH OF CORE. |-— — — -- 

4- TURNS OR TURNS RATIO TOLERANCE il%. 1 SCHEMATIC 

5- (B) DEMOTES THE SAME INSTANTANEOUS POLARITY. | ‘ 



see Mote 5 


lloWDG 


3 O ,0 

7^WDG4j8 


s^wDGy 


JORE I 


.CORE 2 


|5WDG 162 36WDG 264 



.480 DIA 
MAX 


re 


POLYESTER. 

WIR.E __ 

CORE 


NOMENCLATURE 
OR DESCRIPTION 


UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANGLES 


DO NOT SCALE THIS DRAWING 


M IT 

INSTRUMENTATION LAG 
CONTRACT 


approvco for MSC 


11000285 


APPLICATION 


NONE 



I0067lt-2g 

1010688-1 

PART Of) 
WCNTIFVING NO. 


SEE tlOTE I 
SEE DATA 
see Mote 2 


VtCIFICATION 


LIST OF PARTS AND MATERIALS 
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ASSEMBLY 
(REACTOR 1ST STAGE 
MATCHED PAIR) 


CODE IDENT. 
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I WINDING. DATA - 

TOTAL NUMBER WINDINGS 4 


WINDING . 
NO. 

TURNS 

AWG WIRE. 

' SIZE 

TYPE OF 
WINDING 

WINDING 
RESISTANCE. , 

OHM$tZO%6)25C(££f) 

; . LEADS I 

LOJGTH 

SIZE 

IDENTIFICATION I 


START 

FINISH 

1 

150 

r 36 

RANDOM 

3.6 

6* - 

AWG 30 

i 

2 

2 

150 

36 ' 

RANDOM 

3.6 





3 

4 

3 

1900 

£. 4-1 * 

RANDOM 

COMMON 

„ 190 





5 

6 

4 

300 

.... 4-t 

RANDOM 

COMMON 

40 


f : : 

_j 

l _ 

7 

8 


notes: 

I - 

2 - 

3 - 

4 - 


5 - 

6 - 
7- 


8 - 


9- 


INSULATE BETWEEN WINDINGS NO. I a NO. 2 WITH A 005 POLYESTER WASHER PER MIL-1 -631 TYPE G. 

TURNS OR TURNS RATIO TOLERANCE ti% * 

WIND WINDINGS OVER. ENTIRE LENGTH OF CORE 
PREHEAT WINDING AND IMPREGNANT TO 250°F, IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24HRS AT I80°F. - — 

(■) DENOTES THE SAME INSTANTANEOUS POLAR.ITV .. 

WIPE IMPREGNATION DURING CURING CYCLE. 

THE RESISTANCE BErtNcEt/M a/d/NgS S///U-L t/or BE CESS - C 

THAN to MEGOt/MS WUcN MEASURED AT ESOI/OC AETER 
INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A MINIMUM 
OF 5 DAYS PER ND-I002209.C0RE MUST MEET PERFORMANCE I 
REQUIREMENTS OF SCD 1010689 AFTER TEMPERATURE CYCLING. 


SEE NOTE 5 
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AWG 30 
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SPECIFICATION 
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MATERIAL 
OR NOTES 
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INSTRUMENTATION LAN 

CONTRACT 
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WINDING. DATA 


TOTAL NUMBER WINDINGS 4 


WINDING „ 
NO. , 

TURNS 

AWG WIRE. 
SIZE 

TYPE OF 
WINDING 
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150 

36 

RANDOM 
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150 

~ 36 ’ 

RANDOM 
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1500 
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RANDOM 
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• 4 , 

300 

4-1 ' 

RANDOM 

COMMON 


WINDING RESISTANCE. LOJQTH SIZE 
RANDOM ~ 6“ :AWG30 


LEADS 
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START I FINISH 


notes: 



I -INSULATE BETWEEN WINDINGS NO. I 8 NO. 2 WITH A 005 POLYESTER WASHER 

2- TURNS OR TURNS RATIO TOLERANCE t\% 

3- WI.N0. WINDINGS OVER. ENTIRE LENGTH OF CORE . 

4 -PREHEAT WINDING AND HYSOL TO 250*F. IMPREGNATE WlNDlNG ' 

WITH HYSOL PULL NO VACUUM. BAKE 24HRS AT I80°F. 

5 -(■) DENOTES THE SAME INSTANTANEOUS POLAR.ITV .... 

6- WIPE IMPREGNATION DURING CURING CYCLE. 

7 - tHe resistance BErrtsEN m/oz/ss s/all /or be less / • . 

ZZZ TNaN ZO MEGO//MS WNeN MEASURED AT SOOtfOC AFTER SAAC/ZS 


.40 O.D. 
.22 I.D 


PER MIL-1-631 TYPE G 


SCHEMATIC 

70WDG4Q8 


SEE NOTE 5 
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APPROVAL 
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WINDING DATA 


TOTAL NUMBER WINDINGS 4 


WINDING 

NO. 

TURNS 

AWG WIRE 
SIZE 

TYPE OF 
WINDING 

WINDING 

® » E <® .: 
25°C(REF) 

LEAD S 1 

LENGTH 

SIZE 

IDENTIFICATION 1 

START 

FINISH 
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160 

. 4* 

RANDOM 

10 

6" 

AWG 30 

1 

2 

2 

160 

■- 


RANDOM 

10 
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3 

1200 



RANDOM 

COMMON 

150 
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200 


; . 

RANDOM 

COMMON 

22 


t* - 
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notes: 

1 - INSULATE BETWEEN WINDINGS NO. I 8 NO. 2 WITH A .005 POLYESTER WASHER x’.d PER MIL-I-631 TYPE G. 

2 - TURKS OR TURNS RATIO TOLERANCE ti% 

3- W1WD WIMDINQS OVER. EMTI R.EL. LENGTH OF CORE 

4- PREHEAT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING 

WITH IMPREGNANT. PULL NO VACUUM. BAKE 24HRS AT I80°F. - - - ■ - - - 

5- (»)DENOTES THE: SAME INSTANTANEOUS POLARITY' . ... " 

6 -WIPE IMPREGNATION DURING CURING CYCLE. 

T- Ttfe GEstSTAJ/CE ezntfEEtf rtrt/Dft/Gs st/AL.L//or S£ 

; less rt/Atf to mego//ms *///ea/ measi/^ed at 

.. S501/DC AFTER BA&//G L . r ..,.. " 

. 8 - INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS * . 

PRESCRIBED BY MIL'D' 70327 


9-BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A 
MINIMUM OF 5 DAYS PER ND 1002209. 

CORE MUST MEET PERFORMANCE REQUIREMENTS OF 
SCO 1010688 AFTER TEMPERATURE CYCLING 


SCHEMATIC 

T 0 8 
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WIWDI MG “HAT A 


TOTAL NUMBER WINDINGS 5 
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TART FINISH 
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WINDING tiirn«? AWG WIBX TYPE OF WINDING . . 

NO. TURNS I SIZE - WINDING RESISTANCE | LENGTH | SIZE 


RANDOM 


RANDOM 


RANDOM 

COMMON 


RANDOM 

COMMON 


RANDOM 

COMMON 


notes: 

I - INSULATE BETWEEN WINDINGS NO. I 8 NO. 2 WITH A .005 POLYESTER WASHER gg PER MIL-I-631 TYPE G. 

2- TURNS OR TURNS RATIO TOLERANCE ti% 

3- WIND WINDINGS OVER. ENTIRES LENGTH OF CORE 

4- PREHEAT WINDING AND HYSOL - TO 250°F. IMPREGNATE WINDING 

WITH HYSOL PULL NO VACUUM. BAKE 24HRS AT I80°F. •- - - - - 

5 -(■)DENOTES THE SAME INSTANTANEOUS POLARITY . 

6- WIPE IMPREGNATION DURING CURING CYCLE. 

7- TaJE AES tSTAf/CE BETH/EErf A/h/D/a/GS SS/ALL f/or BE -- * -1 

.I LESS Tt/AA/ AO MEGOHMS A/a/Ea/ AfEASi/^EO AT 1 _ SCHEMATIC i 

500VDC ABEEB BAAE/a/G _ - '.''””11. I I 

I ' 

| 9oWDG5olO 1 


see Note 5 
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ZONE SYM 


DESCRIPTION 


I REVISED PER TDRR Of3+4 |/V^3| 


WINDING -DATA 


TOTAL NUMBER WINDINGS 5 


WINDING 


SEC I 
SEC 2 
SEC 3 
SEC 4 


TURNS 


TAP i AWGr W1R£. TYPE OF {WINDING 


SIZE 


WINDING 

RANDOM 

RANDOM 

RANDOM 

RANDOM 

RANDOM 




LE.ADS 

-- | IDENTIFICATION 
START I TAP I FINISH 


|AW<q30l 


notes: ' 

r. (ByDENOTES the same Instantaneous polar ity. 

2. PREHEAT WINDING AND IMPREGNANT TO 250°F IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24HRS AT I80°F. 

; 3. WIND WINDINGS OVER ENTIRE LENGTH OF CORE. 

4* WIPE IMPREGNATION DURING CURE CYCLE. 

5* TURNS OR TURNS RATIO TOLERANCE ±1%. 

6 . T//E RESISTANCE BEEh/EEA/ Hf/SD/MSS Sa/alL A/or BE 
LESS TA/AA/ fOAAEGOA/t*S H/a/E*/ MEASt/A?££> Ar 

250 Voc affer baataa/g; " 

?. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

8. BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A 
MINIMUM OF 5 DAYS PER ND-1002209. CORE MUST MEET 

PERFORMANCE REQUIREMENTS OF SCO 1010689 i- 

AFTER TEMPERATURE CYCLING. . , 


SEE MOTE 1 
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SEC I SEC 2 SEC 3 SEC 4 I 
3 4 5 6 7 8 9 10 II12 13 14 I 
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MAX 
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A/R IMPREGNANT 
A/R WIRE CLE.ADS) 
A/R WIRE 
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REQO. OR DESCRIPTION 


1010637-1 

1006711-13" AWG 3(T 
1006711-21 AWG 39 
1006711-22 AWG 4l" 
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PART OR 
IDENTIFYING NO. 


SPECIFICATION 


N0TE244 5 
SEE DATA 4- 
SEE DATA 3 
SEE DATA 
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ZONE 


WINDING DATA 


1 V I 1— • * 

WINDING 

TURNS 

TAP 

AWG WIRE 

TYPE OF 

TOTAL WINDING 
RESISTANCE , 

0Hi)5-20% £25 C(EEFj 


in 


LE 

m 

ADS 

IDENTIFICATION 

NO. 

AT 

SIZE. 

WINDING 

Lk.NL) i n 

— 

START 

TAP 

FINISH 

PRI 

600 


4-1 

RANDOM 

39 

6" 

AWG 

30 
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2 

SECI 

240 

120 

4! 

RANDOM 

12 





3 

4 

5 

SEC 2 

700 

350 

4-1 

RANDOM 

47 
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7 

8 

SEC 3 

240 

120 

4-1 

RANDOM 

12 





9 

10 

II 

SEC 4 

300 

150 

39 

RANDOM 

6.5 


L_ 


L_ 

12 

13 

14 


notes: 

!.(■) DENOTES THE SAME INSTANTANEOUS POLARITY. 

2. PREHEAT WINDING AND IMPREGNANT TO 250°F IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24HRS AT 180 F. 

3. WIND WINDINGS OVER ENTIRE LENGTH OF CORE. 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. TURNS OR TURNS RATIO TOLERANCE ±1%. 

e. Tf/E RESISTANCE BETrfEE// V\//Vp//ZGS Sf/ALL fi/OT BE 
LESS T//AJZ /OM£GO/ZmS lA/f/E/Z A/tEASl/REE> AT 
250 I /DC AFTER BAAT/a/G. 

7. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

8. BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A 

MINIMUM OF 5 DAYS PER ND-1002209. CORE MUST MEET 
PERFORMANCE REQUIREMENTS OF SCD 1010689 ' f~ 

AFTER TEMPERATURE CYCLING. 


SEE. NOTE I 
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REVISIONS 
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WINDING DATA 


TOTAL NUMBER WINDINGS 5 


WINDING 

NO. 

TURNS 

TAP 

AT 

AWG W1R.L 

Size 

TYPE OF 
WINDING 

TOTAL WINDING 
RESISTAHCE . 
0^MS-ZC% fiZ5‘C(RL f ) 

.LEADS | 

LENGTH 

SIZE 

IDENTIFICATION I 

START 

TAP 

FINISH 

PRI 

600 


4-1 

RANDOM 

39 

6" 

AWG 30 
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2 

SEC 1 

240 

120 

41 

RANDOM 

12 
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SEC 2 

700 

350 

4-1 

RANDOM 

47 
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SEC 3 

240 

120 

4-1 

RANDOM 

12 
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10 

II 

SEC 4 

300 

150 

_i 

39 

RANDOM 

6.5 

_, 

t _ 


t _ 

12 

13 

14 


notes: 

1. v®/ DENOTES THE SAME INSTANTANEOUS POLARITY. 

2. PREHEAT WINDING AND IMPREGNANT TO 250°F IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24HRS AT I80°F. 

3. WIND WINDINGS OVER ENTIRE LENGTH OF CORE. 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. TURNS OR TURNS RATIO TOLERANCE +1%. 

6. 7flE AESiSTAzOcE BEEtt/EEZS tVzz/OZZ/GS Sz/ALL MoT BE 
LESS TZ/AZ/ ZO MEG Oz/MS IAZz/eO MEASi/E ED AT 
250 I /DC AETEH 8AAEZZ/G. 

7. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

8. BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A 
MINIMUM OF 5 DAYS PER ND-1002209. CORE MUST MEET 
PERFORMANCE REQUIREMENTS OF SCD 1010689 
AFTER TEMPERATURE CYCLING. 

9. INDIVIDUALLY INSULATE PRI WINDING LEAD-OUTS FROM 
OTHER WINDINGS AND INSULATE ALL LEAD SET POINTS WITH 
MYLAR TAPE PER MIL-1-15126. 


SEE NOTE 1 
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WINDING -DATA 
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notes: 

: f. (•^DENOTES THE SAf^TE lNSTANTANEOUS POLARITY _ I: 

2. PREHEAT WINDING AND HYSOL TO 250°F .IMPREGNATE’ WINDING 
WITH HYSOL ' PULL NO VACUUM. BAKE 24HRS AT I80°F. 

3c WIND WINDINGS OVER ENTIRE LENGTH OF CORE 
4* WIPE IMPREGNATION DURING CURE CYCLE. 

5* TURNS OR TURNS RATIO TOLERANCE+1%. 
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SEE MOTE I 


SCHEMATIC 

SEC I SEC 2 SEC 3 SEC 4 
4 5 6 7 8 9 10 II 12 13 14 


I 2 
PRI 


.50 DIA 
MAX 




A/R HYSOL _ 

A/R, WIRE CLE.ADS) 
A/R. WIRE 
A/R WIRE 
I CORE _ 

QTY. NOMENCLATURE 

REQO. OR DESCRIPTION 


1010637-1 
100g7ll-t3T 
I00G7U-2I 
1000711-22" 
1010659-1 


I | tOCNTIFriN? NO. | #PeC * FICAT,0H 

LIST OF PARTS AND MATERIALS 


NOTE 24 4 
SEE DATA 
SEE DATA 
SEE DATA 


MATERIAL 
OR NOTES 


I 

I 


5 

5 


__ 1000285 

NEXT ASSY USED ON 

APPLICATION 


UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANQLES 


DO NOT SCALE THIS DRAWING 
MATERIAL: 


M IT 

INSTRUMENTATION LAS 
CONTRACT 

_ ySJjjj 3 | bATE 

APPROVIO 

CHCCKCO Mgj, Vo'*6l 

prawn x.JU b-ey-^3 

APPROVED FOR MSC 

mT/VL APPROVAL DATE 


CORE a COIL 
ASSEMBLY 

(TRANSFORMER,POWER} 


SCALE 

NONE 


COOE I0ENT. 


INSTRUMENTATION 

LABORATORY 

Campriopb. Mam. 

dwq. no. 

MANNED 

SPACECRAFT CENTER 
HOUSTON TEXAS 
NASA DRAWING NO. 

1001532 

SHEET Of 










































































































































RG AND R7 70 BE SC.LE.CTED AT TEST 
RANGE OF VALUES FROM /§ H THRU E4.9K ON MS 

RIO TO BE SELECTED AT TEST 

RANGE OF VALUES FROM /OK THRU 24. 9K OHMS 
Rt3 TO BE SELECTED AT TEST 
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notes: 

1. INTERPRET CRAW/MG IN ACCORDANCE WITH STANDARDS PRESCRIBED SY 
MIC - O - 7032 7 
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ALL CAPACITOR VALUES ARE /N OP’D 
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4 RG AND R7 TO BE SELECTED AT TEST 

range of values front is k thru 24. 9kohms 

5. RIO TO BE SELECTED AT TEST 

RANGE OF VALUES FROM /OK TNRU 24 .9 K OHMS 

6. R!3 TO BE SELECTED AT TEST 

RANGE OF VALUES FROM 2K TNRU QKOHMS 

7. R14 TO BE SELECTED AT TEST 

RANGE OF VALUES FROM / OHM THRU fO OHMS 

Q. W/ND/NG RESISTANCE FOR ACCEPTANCE TESTING .* 

CONTROL W/ND/NG 195 t£5 OHMS 
TERMINALS 3 AND 4 
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PULSED INTEGRATING PENDULUM AND CALIBRATION MODULE 


The purpose of this document is to establish the requirements for the procurement 
of the Pulsed Integrating Pendulum and Calibration Module for use in the APOLLO 
Guidance and Navigation Equipment, 
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PROCUREMENT SPECIFICATION 


PULSED INTEGRATING PENDULUM AND CALIBRATION MODULE 


1, SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the spares procurement 
of the Pulsed Integrating Pendulum and Calibration Module, Drawing 1001598, hereafter called 
the assembly, ra <A , 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
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The purpose of this document is to establish the requirements for the procurement 
of the Pulsed Integrating Pendulum and Calibration Module for use in the APOLLO 
Guidance and Navigation Equipment. 
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PROCUREMENT SPECIFICATION 
FOR 

PULSED INTEGRATING PENDULUM AND CALIBRATION MODULE 


1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the spares procurement 
of the Pulsed Integrating Pendulum and Calibration Module, Drawing 1001598, hereafter called 
the assembly. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
this specification form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

APOLLO G4N 

ND1002210 General Specification for Procurement of APOLLO 

Guidance and Navigation Assemblies and Subassemblies 

FTM1007009 Final T st Method for PIPA Calibration Assembly 

PS1007009 Procurement Specification for PIPA Calibration Assembly 
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3. REQUIREMENTS 

3.1 GENERAL SPECIFICATION. Unless otherwise specified herein, all of the requirements 
of Specification ND1002210 shall apply as requirements of this specification. 

3.2 DESCRIPTION. The assembly consists of a Pulsed Integrating Pendulum (PIP) and a 
Pulsed Integrating Pendulous Accelerometer (PIPA) Calibration Assembly which are matched 
together in accordance with ATP1000013. 

The PIPA Calibration Assembly provides a means of coupling the PSA constant current source 
and its related control circuitry to the torque ducosyn windings of a particular PIP. 

3.3 FUNCTIONAL REQUIREMENTS. The assembly shall meet the requirements of Speci¬ 
fications PS1007009 and ATP1000013. 

3.4 PERFORMANCE AND PRODUCT CHARACTERISTICS 

3.4.1 Service Life 


3.4.1.1 Operating Life . The assembly shall meet performance specifications for at least 
2000 hours of operation, excluding the supplier's test time of the completed unit. 

3.4.1.2 Shelf Life . The assembly shall have a shelf life of at least 3 years, without operation, 
at ambient room temperature after final acceptance at the supplier's facility. However, the 
PIP shall be maintained at its proper operating temperature. 

3.4.2 Reliability . Design objectives require maximum reliability of the assembly during its 
period of useful life. Every effort shall be made to design and produce units capable of meeting 
a maximum failure rate of 8.3 failures per million hours. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL SPECIFICATION. Unless otherwise specified herein, all of the quality 
assurance provisions of Specification ND1002210 shall form a part of this specification. 

4.2 NASA ACCEPTANCE INSPECTION. The NASA acceptance inspection shall be in accord¬ 
ance with Specifications FTM1007009 and ATP1000013. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002210. 

6. NOTES. None. 


Notice: When APOLLO G&N drawings, specifications, or other data are used for any purpose 
other than in connection with a definitely related NASA procurement operation, NASA thereby 
incurs no responsibility nor any obligation whatsoever; and the fact that NASA may have 
formulated, furnished, or in any way supplied the said drawings, specifications, or other 
data is not to be regarded by implication or otherwise as in any manner licensing the holder 
or any other person or corporation, or conveying any rights or permission to manufacture, 
use, or sell any patented invention that may in any way be related thereto. 
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PROCUREMENT SPECIFICATION 
FOR 
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1. SCOPE 


1.1 PURPOSE. - This specification establishes the requirements for the spares procurement 
of the Gyro and Calibration Module, Drawing 1001599, hereafter called the assembly. 
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The purpose of this document is to establish the requirements for the procurement of the 
Gyro and Calibration Module for use in the APOLLO Guidance and Navigation Equipment. 
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PROCUREMENT SPECIFICATION 
FOR 
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1. SCOPE 

1 1 PURPOSE. - This specification establishes the requirements for the spares procurement 
of the Gyro and Calibration Module, Drawing 1001599, hereafter called the assembly. 

2. APPLICABLE DOCUMENTS 

2 1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date 
of the specification form a part of this specification to the extent specified herein. 
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3. REQUIREMENTS 

3.1 GENERAL SPECIFICATION. Unless otherwise specified herein, all of the requirements 
of Specification ND1002210 shall apply as requirements of this specification. 

3.2 DESCRIPTION. The assembly consists of an Inertial Reference Integrating Gyro (IRIG) 
and a Pulse Torque Gyro Calibrate Assembly which are matched together in accordance 
with ATP1007021. 

The Pulse Torque Gyro Calibrate Assembly provides a means of coupling the PSA constant 
current source and its related control circuitry to the torque ducosyn windings of a particular 
gyro. 


3.3 FUNCTIONAL REQUIREMENTS. The assembly shall meet the requirements of Speci¬ 
fication PS1007021 and Publication MIT/IL R-348. 

3.4 PERFORMANCE AND PRODUCT CHARACTERISTICS 

3.4.1 Service Life 


3.4.1.1 Operating Life. The assembly shall hieet performance specifications for at least 
2000 hours of operation, excluding the supplier's test time of the completed unit. 

3.4.1.2 Shelf Life. The assembly shall have a shelf life of at least 3 years, without operation, 
at ambient room temperature after final acceptance at the supplier's facility. However, the 
gyro shall be maintained at its proper operating temperature. 

3.4.2 Reliability. Design objectives require maximum reliability of the assembly during 
its period of useful life. Every effort shall be made to design and produce units capable of 
meeting a maximum failure rate of 13.8 failures per million hours. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL SPECIFICATION. Unless otherwise specified herein, all of the quality 
assurance provisions of Specification ND1002210 shall form a part of this specification. 

4.2 NASA ACCEPTANCE INSPECTION. The NASA acceptance inspection shall be in 
accordance with Specification FTM1007021 and Publication M1T/IL R-348. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification 
ND1002210. 

6. NOTES. None. 


Notice: When APOLLO GfiN drawings, specifications, or other data are used for any 
purpose other than in connection with a definitely related NASA procurement operation, 

NASA thereby incurs no responsibility nor any obligation whatsoever; and the fact that 
NASA may have formulated, furnished, or in any way supplied the said drawings, specifications, 
or other data is not to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying any rights or permission to 
manufacture, use, or sell any patented invention that may in any way be related thereto. 
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NOTES 

(« INTERPRET DRAWING IN ACCORDANCE WITH NIL* 0-70327 
t* R3 0 R4 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 500 OHMS THRU 3K 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 
$• IDENTIFY USING DRAWING NO., REVISION LETTER, SERIAL NO, AND 
MANUFACTURERS SYMBOL PER MIL* STD-130. 

4, ENCAPSULATE WITH EPOXY PER ND1002036, CURIN6 CYCLE • 

9. ASSEMBLY TO MEET ALL REQUIREMENTS OF PS 1000283 

6. SOLDERING OF ELECTRICAL CONNECTIONS TO BE IN ACCORDANCE WITH MIL" STD* 440, 
WITH SN60WARP2 SOLDER PER QQ-S'571 

7, SOLDER COVER ASSEMBLY TO CASE PER MIL-S-6872A WITH 

SN50WARP2 SOLDER PERQQ-S*57I _ 

5. MARK TERMINAL NUMBERS AS SHOWN PER NO 1002019 & ND 1002122 TYPE H CLASS I 

9. FINISH*. VINYL- WASH PER MIL-C-15328 AND ZINC CHROMATE P«‘ME R 

PER MIL* P*8585A, PAINT BLACK SEMI-GLOSS ENAMEL TT-E‘529 CLASS • 
COLOR 27038 PER FED STD 595 

10. R5 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM IOK THRU 60K OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 
It. R8 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 4K THRU 40K0HMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 
12 RI2 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 200 OHMS THRU 5K OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED* PER PART NO. 1010694 

15. R7 TO BE SELECTED PER ATPI00I6I4 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 2K THRU 20K OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 
14. RI5 TO BE SELECTED PER ATP 1001614 PRIOR TO ENCAPSULATION 
RANGE OF VALUES FROM 50 OHMS THRU 300 OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 
IS INSULATE ELECTRICAL COMPONENTS FROM CASE WITH A .007 GRAY FIBER 
* SHEET PER Ml L ' 1 * 695A TYPE F WITH A MINIMUM DIELECTRIC STRENGTH 
OF 250 VOLTS PER MIL 

16. CENTER IDENTIFICATION PLATE OVER POTTING HOLE 

17. NUMBERS SHOWN FOR REFERENCE ONLY 

16. R6 TO BE SELECTED PER ATP 1001614 PRIOR TO ENCAPSULATION 
RANGE OF VALUES FROM 50 OHMS THRU 100 OHMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010693 


19. WINDING RESISTANCE FOR ACCEPTANCE TESTING: 

terminals; io a 11 1 3 ohms iso% 

12 a 13 5 OHMS ±30% 

3 a 4 10. 05KOHMS ±1%. 

S a 6 I0.05K0HMS ±1% 

20. Rt6 6Rl7 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 0 OHMS THRU 5K0HMS 

TWO RESISTORS MAY BE USED TO GET VALUE NEEDED. PER PART NO. 1010694 

21. RI9 TO BE SELECTED PER ATP 1001614 AFTER INITIAL ENCAPSULATION 
RANGE OF VALUES FROM 500 OHMS THRU I0K0HMS. PER PART N0.I0IO694 
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notes: 

I. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED PER MIL-D-70327. 
2.SOLDERING PER MIL-S-6872A WITH SN50 WARP2 SOLDER PER QQ-S-571. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. USE SOLDER SN50 PER Q.Q-5-571 



P f 

; t 













































































ZONE 

SYM 

DESCRIPTION 

DATE 

APPROVAL 

-- 

A 

H£W3£D 04-533 

tf-6-63 

MC. 




NOTES! 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. CHARACTERS TO BE CENTERED ON RESPECTIVE CENTER LINES. 

3. ENGRAVE OR METAL STAMP PER NO 100219 (.06 CHARACTERS). 

4 . FINISH-TIN PLATE PER MIL-T-10727 TYPE H (HOT DIP). 

; 5. BREAK ALL SHARP EDGES .010 MAX 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. CHARACTERS TO BE CENTERED ON RESPECTIVE CENTER LINES. 

3. ENGRAVE OR METAL STAMP PER NO 10020198 ND1002122, TYPE D, CLASS 1, .06 CHARACTERS 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPE H (HOT DIP). 

-5. BREAK ALL SHARP EDGES .010 MAX 
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1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. CHARACTERS TO BE CENTERED ON RESPECTIVE CENTER LINES. 

3. ENGRAVE OR METAL STAMP PER ND 100219 (.06 CHARACTERS). 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPE II (HOT DIP). 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. UNLESS OTHERWISE INDICATED; 

ALL RESISTOR VALUES ARE IN OHMS. 

ALL CAPACITOR VALUES ARE IN UF. 

3. SOLDERING OF ELECTRICAL CONNECTIONS TO BE IN 
ACCORDANCE WITH MIL-S-6872 WITH SN60WRAP2 . 

SOLDER PER QQ-S-571. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. UNLESS OTHERWISE INDICATED', 

ALL RESISTOR VALUES ARE IN OHMS. 
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3. USE SOLDER SN60 PER O r . "71. FOR ALL ELECTRICAL 
CONNECTIONS. 


2 




tm? 



REVISIONS 

firm—l 

ZONE | SYM | 

DESCRIPTION 

| DATE | APPROVAL 1 


i 

Ml 

f 


J 


D 


REF 

DES 

PART NO. 

DESCRIPTION 

VALUE 

TOL 

RATING 

KB 

1010364-252 

RESISTOR 

IK 

1% 

I/8W 

IQI 

-j - 



* _ 



|_i_ 

■nai 

1010311-97 



499 



I/IOW 

R6 

-1—“ 







_ 

R7 

1010311-164 



2.49K 

n 




Cl 

1006755-19 

CAPACITOR 

3.3 


15V_ 

C2 











C3 






_ 


r 


f 1 

CRI 

1010497 

DIODE 

UTR52 


3.4 W 1 

CR2 










CR3 






■ 




CR4 










CR5 

1010439 



HZ8883 


250 MW 

CR6 

1010497 



UTR52 


3.4 W 


.1._-_L_.~ X - 


UNLESS OTHERWISE SPECIFIED 


DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANGLES 


DO NOT SCALE THIS DRAWING 


1000286 


NEXT ASSY 


USED ON 


APPLICATION 


MATERIAL: 


1 

BOARD,PRINTED CIRCUIT 

1001624 



QTY. 

NOMENCLATURE 

PART ON 

SPECIFICATION 

MATERIAL 

REQO. 

OR DESCRIPTION 

IDENTIFYING NO. 

ON NOTES 


LIST OF PARTS AND MATERIALS 


MIT 

INSTRUMENTATION 

CONTRACT 

NA S Wjaj 

LAN 

“daTT 

APPROVED ELrLstr\ 

/o 

CHECKED 



DRAWN 



APPROVED FOR MSC 

itfr/IL APPROVAL 

DATE 

VO 



T3T7T 


PRINTED CIRCUIT 
BOARD ASSEMBLY 


SCALE 


UNIT WT. 


CODE IDENT. 


NONE 


INSTRUMENTATION 

LABORATORY 

Camhiow, Ma—. 


MANNED 

SPACECRAFT CENTER 
HOUSTON TEXAS 


1001618 

SHEET OF 


1 


' r.\.- ■ '-*4 


T 


i- 

i 

!. 


h 



Lz 
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A REVISED PER TDRR 05129 U)tt 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. SOLDERING OF ELECTRICAL CONNECTIONS TO BE IN ACCORDANCE WITH MIL-STD-440, 
WITH SN60 WARP2 SOLDER PER QQ-S-571. 
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notes: 

1. INSULATE BETWEEN REACTORS WITH .002 MYLAR TAPE PER MIL-1-15126. 

2. BRING OUT ONE LEADWIRE. mDD rrkiAkiT 

3. rrehEaT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING WITH IMPREGNANT. 

PULL NO VACUUM. BAKE 24 HRS AT 180* F 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. SET LEADS EQUALLY SPACED AROJND PERIPHERY OF WIND|NG,VVITH MYLAR 
TAPE PER MIL-1-15126, ORDER OPTIONAL. 

6. PART NO. 1001621 MUST 5E A MATCHED PAIR. 

7. ADD TWO COMMON WINDINGS. ONE (I) TURN EACH. USE WIRE P/N 10106711-12,TWO STRANDS FOR EACH TURN. 
LEAVE 6 INCH WINDING WIRE FOR LEAD. IDENTIFY AS SHOWN. 

8. THE RESISTANCE BETWEEN WINDINGS SHALL NOT BE LESS THAN 10 MEGOHMS 
WHEN MEASURED AT 250 VOLTS DC AFTER BAKING 

9. ASSEMBLE REACTORS BACK TO BACK 

10. WINDING LEAD “SET END" 

11. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MlL-D-70327 
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NOTES: 

1. (■) DENOTES THE SAME INSTANTANEOUS POLARITY 

2. PREHEAT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM BAKE 24 HRS AT I80°F. 

3. WIND WINDINGS OVER ENTIRE LENGTH OF CORE. 

4. WIPE IMPREGNATION DURING CURE CYCLE. 

5. TURNS OR TURNS RATIO TOLERANCE ±1%. 

6. THE RESISTANCE BETWEEN WINDINGS SHALL NOT BE LESS THAN 10 MEGOHMS 
WHEN MEASURED AT 250 VOLTS DC AFTER BAKING 

7. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

8. BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A MINIMUM OF 5 DAYS 
PER ND-1002209. CORE MUST MEET PERFORMANCE REQUIREMENTS 

OF SCO 1010689 AFTER TEMPERATURE CYCLING. 
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6. THE RESISTANCE BETWEEN WINDINGS SHALL NOT BE LESS THAN 10 MEGOHMS 
WHEN MEASURED AT 250 VOLTS DC AFTER BAKING 

7. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327. 

8. BEFORE WINDING, TEMPERATURE CYCLE CORES FOR A MINIMUM OF 5 DAYS 
PER ND-1002209. CORE MUST MEET PERFORMANCE REQUIREMENTS 

OF SCO 1010689 AFTER TEMPERATURE CYCLING. 
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LEAD IDENTIFICATION 
ON SCHEMATIC I on REACTOR 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. MAKE LEADS 6 IN. LG., USE WIRE PER FART N0.I0 067IH3. SET LEADS EQUALLY 

SPACED AROUND PERIPHERY OF WINDING,ORDER OPTIONAL,WITH MYLAR TAPE PER MIL-1-15126 
• 3. PREHEAT WINDING AND IMPREGNANT TO 250°F. IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24 HRS. 

AT 180 °F. 

4 . ADD COMMON WINDING I TURN OF W'PF PART NO. 1006711-46 
LEAVE 6 IN. WINDING WIRE FOR LEAj. , U u . 'IFY AS SHOWN. 

5.INSULATE BETWEEN WINDINGS WITH .002 MYLAR TAPE. PER MIL-M5I26. 

6. WIPE IMPREGNATION DURING CURE CYCLE 

7 THE RESISTANCE BETWEEN WNDNGS SHALL NOT BE LESS THAN 10 MEGOHMS 
WHEN MEASURED AT 250 VOLTS DC AFTER BAKING 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. MAKE LEADS 6 IN. LG., USE WIRE PER FART N0.I0 067IH3. SET LEADS EQUALLY 

SPACED AROUND PERIPHERY OF WINDING,ORDER OPTIONAL,WITH MYLAR TAPE PER MIL-1-15126 

3. PREHEAT WINDING AND IMPREGNANT- TO 250°F. IMPREGNATE WINDING 
WITH IMPREGNANT. PULL NO VACUUM. BAKE 24 HRS. 
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6. WIPE IMPREGNATION DURING CURE CYCLE: 

7 THE RESISTANCE BETWEEN WNDMGS SHALL NOT BE LESS THAN 10 MEGOHMS 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. MAKE LEADS 6 IN. LG., USE WIRE PER PART N0.IOO67IH3. SET LEADS EQUALLY 

SPACED AROUNO PERIPHERY OF WINDING,ORDER OPT!ONAL,WITH MYLAR TAPE PER MIL-1-15126 
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5.INSULATE BETWEEN WINDINGS WITH .002 MYLAR TAPE. PER MIL-115126: 

6. WIPE IMPREGNATION DURING CURE CYCLE. 

7 THE RESISTANCE BrT'WFEN WINDINGS SHALL NOT BE LESS THAN 10 MEGOHMS 
WHEN MEASURED AT 250 VOLTS DC AFTER BAKING 
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T2-I GREEN I 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. MAKE LEADS 6 IN. LG.,USE WIRE PER RART N0.I0I067IH3. SET LEADS EQUALLY 
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5.INSULATE BETWEEN WINDINGS WITH .002 MYLAR TAPE. PER MIL-I-I5I26. 

6. WIPE IMPREGNATION DURING CURE CYCLE. 

7 THE RESISTANCE BETWEEN WMDNGS SHALL NOT BE LESS THAN 10 MEGOHMS 
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A/R TAPE _ 

A/R WIRE (LEADS). 

A/R HYSOL 

a7^~ WIRE _ 

2 TRANSFORMER 


NOMENCLATURE 
OR DESCRIPTION 


10106711-13 

1010687-1 

1006711-46 

1001630 

PART OR 
IDENTIFYING NO. 


SPECIFICATION 


SEEN0TE2C5 
' SEE NOTE2 
SEE NOTE 3^6" 
" SEE NOTE 4 " 


MATERIAL 
OR NOTES 


UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTIONS DECIMALS ANOLCS 


DO NOT SCALE THIS DRAWING 


1000287 


MIT 

INSTRUMENTATION U| 
CONTRACT 

NAS,9/453 roSTT 


■IT/IL APPROVAL 


LIST OF PARTS AND MATERIALS 


TRANSFORMER 

ASSEMBLY 


COOE I DENT. 


INSTRUMENTATION 

LABORATORY 
Camppippp. mass. 


MANNEO 

SPACECRAFT CENTER 
HOUSTON TEXAS 
NASA DRAWINQ NO. 

IOOI629 


APPLICATION 

























































| REVISIONS 03 5^? 

ZONE 

SYM 

DESCRIPTION | 

DATE 

APPROVAL 


A 

REVISED PER TDRR 05119 

iz-/a-*s 

id# 


WINDING DATA 


TOTAL NUMBER WINDINGS 1 


WINDING 

NO. 

TURNS 

AWG WIRE 
SIZE _ 

TYPE OF 
WINDING 

LEADS 

WINDING 

RESISTANCE REF 
0HMS±20% (© 25°C 

LENGTH 

SIZE 

IDENTIFICATION 

START 

CT 

FINISH 

1 

500 

36 

BIF1LAR 

6“ 

SAME 
AS WDG 

1 

2 

3 

45 


notes: 
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2. SET LEADS EQUALLY SPACED AROUND PERIPHERY OF WINDING. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL*D-70327 

2. SURFACE TO BE FLAT WITHIN .015 TLR.. 

3. BRAZE PER MIL-B-7883. WITH CLASS 4 SILVER SOLDER PER QQ-S*5GI 

4. FINISH - TIN PLATE PER MIL-T-10727 TYPE U (HOT DIP). 
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3. BRAZE PER MIL-B-7883. 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPE H (HOT DIP). 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. CHARACTERS TO BE CENTERED ON RESPECTIVE CENTER LINES. 

3. ENGRAVE OR METAL STAMP PER ND 1002010 (.09 CHARACTERS), 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPED (HOT DIP). 


5.BRE.AW ALL SHARP EDGES .010 MAX. 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2. CHARACTERS TO BE CENTERED ON RESPECTIVE CENTER LINES. 

3. ENGRAVE OR METAL STAMP PER ND 1002010 8 ND1002122, TYPE H, CLASS I, .09 CHARACTERS. 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPE II (HOT DIP). 


5. BREAK ALL SHARP EDGES .0\0 MAX. 
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3. ENGRAVE OR METAL STAMP PER ND 100201<3 (.09 CHARACTERS), 

4. FINISH-TIN PLATE PER MIL-T-10727 TYPED (HOT DIP). 


5. BREA.* ALL SHARP E.DGE.S .010 MAX. 
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1. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY MIL-D-70327. 

2 . break all sharp edges .oio max .i.'.v 
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REVISIONS 



L2-4-* 
SEE NOTE 3 


» L2-5 
SEE NOTE 3 


L2-2-* 
SEE NOTE 3 


L2-REF- 


•L2t7" 

I SEE NOTE 3 


esl \ct6\ \c*r\ \c*a\ 


TERMINAL-7 


•LI-12 SEE NOTE 3 

• L2-I2 SEE NOTE 3 
TI-7 SEE NOTE 3 

• TERMINALS 0 5 9. 
LI-9 SEE NOTE 3 

•L2-9 SEE NOTE 3 


R7 

SEE NOTE 4 


TI-IO - - 

SEE NOTE 3 
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SEE NOTE 3 
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LI-2 
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L2-I4 
SEE NOTE 
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TI-6 SEE NOTE 3 


•TI-8 SEE NOTE 3 
SEE NOTE 3 


LI-7 

SEE NOTE 3 


LI-4-* 
SEE NOTE 3 


•LI-5 

SEE NOTE 3 


notes: 

1. INTERPRET OR AWING IN ACCORDANCE WITH STANDARDS • 

2 PRESCRIBED BY MIL-D-70327. 

2. SOLDERING OF ELECTRICAL CONNECTIONS TO BE IN ACCORDANCE 
WITH MIL-STD-440, WITH SN60 WARP2 SOLDER PER QQ-S-571. _ 

3. USE ATTACHED LEAD. 

4. FOR INFORMATION REGARDING R4,R5,R7,RI3.RI4,.5 RI5 SEE 
NOTES ON DRAWING 1000284. 
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INTERCONNECTIONS 
L3-lfeEE NOTE 2) 1 L4-I 
L3-3(SEE NOTE 2) L4-3 
L3-7CSEE NOTE Z) L4-7 

L3-6 _ L4-6 
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notes: 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. BRING OUT ONE LEADWIRE. 

3.SET LEADS EQUALLY SPACED AROUND PERIPHERY OF WINDING. 
ORDE.R OPTIONAL, USE. MYLAR TAPE PER. MIL- I - 1512.G 

4. INSULATE BETWEEN WINDING WITH .002. NYLON TAPE PER MIL-1* 15126 
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1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. FINISH-TIN PLATE PER MIL-T-10727 TYPE H (HOT DIP) 

3. BREAK ALL SHARP EDGES .010 MAX 
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1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. SURFACE TO BE FLAT WITHIN .015 TLR. 
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4. FINISH—TIN PLATE PER MIL-T- 10727 TYPE H (HOT DIP). 
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2. BREAK ALL ^HARP EDGES .010 MAX 


2 

























NOTES: 

1. INTERPRET DRAWING IN ACCORDANCE WITH MIL-D-70327. 

2. BREAK ALL SHARP EDGES .010 MAX 
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notes: 

1. UNLESS OTHERWISE INDICATED { 

ALL RESISTOR VALUES ARE IN OHMS 
ALL CAPACITOR VALUES ARE IN UF 

2. R4 8R5, RI4 8RI5 TO BE SELECTED AT TEST 
RANGE OF VALUES FROM I7.8K OHMS THRU 
30.IK OHMS 

3. RI3 TO BE SELECTED AT TEST 

RANGE OF VALUES FROM I.5K OHMS THRU 

2.4SiK ShVIS 

4. RI8 (EXTERNA! FEEDBACK RESISTOR) VALUE TO BE 
SELECTED AT TEST RANGE. OF VALUES FROM IK OHMS 
THRU 30-IK OHMS 


5. WINDING RESISTANCE FOR ACCEPTANCE TESTING 
CONTROL WINDINGS 154 I2%0HMS EACH 
TERMINALS 6 85, 3 84 BOTH CONTROL WINDINGS 
SHALL BE MATCHED WITHIN 0.1 OHMS. 

6. &7 ro be selected at test 

RANGE OF VALUES FROM 5K THRU t5K OHMS 

7. INTERPRET DRAWING /N ACCORDANCE WfTN 
standards prescribed by MIL • D - 70327 
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L UNLESS OTHERWISE INDICATED; 

ALL RESISTOR VALUES ARE IN OHMS 
ALL CAPACITOR VALUES ARE IN UF 

2. R4 8R5, RI4 8RI5 TO BE SELECTED AT TEST 
' RANGE OF VALUES FROM I7.8K OHMS THRU 

30.IK OHMS 

3. RI3 TO BE SELECTED AT TEST 

RANGE OF VALUES FPOM I.5K OHMS THRU 
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L GENERAL 

MNTERPRET ORATING IN ACCORDANCE WITH MIL-D-TD527. 
^SUPPLIER SHALL CONFORM TO QOAUTt ASSURANCE 
PROVISIONS 5PECIPED IN ND10\S4e>4 CLASS). 

E INSPECTION AND ACCEPTANCE. 

. A-MECHANICAL REQUIREMENTS 
~ y DIMENSIONS 

3l detail specifications 
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REQUfflEMEHW 

MNTEWPRET DRAWING IN ACCORDKNCt WITH Mll-O-TO'527. 
^ fi-SWPPUER 5HAU. CONFORM TO QUALITY ASSURANCE 
PRCV\S\ONS 5PEC\FED IN NDIO\S40^ CLASS!. 

Z. INACTION AND ACCEPTANCE. 

_A-MECHAN\CAL REQUIREMENTS 
-0 DIMENSIONS 

A DETAIL 5P^\F\CKT\ONV , i 
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REQUIREMENTS 

I.GENERAL 

A-iNTERPRET DRONING IH ACCORDANCE 
WITH Mlt-D ”70327 

B-SUPPLIER SHALL CONFORM ^0 QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN 
HD 1015404 CLASS 3 
2. INSPECTION AND ACCEPTANCE 
A”MECHANICAL REQUIREMENTS 
I- DIMENSIONS 
B- SPECIAL REQUIREMENTS 
I- MATERIAL: 

LID A CASE ALUMINUM ALLOY 6061*0 (.090THK) 
PER QQ-A-327 TEMRER-0 
CLOSURE .MALE A FEMALE: ALUMINUM ALLOY 6043-T42 
PER QQ-A-874 TEMPER T4Z 
HINGE: ALUMINUM ALLOY 6061 -T6 

PERQQ-A” 270 TEMPER T6 
LATCH ASSY, BODY l STRIKE : STEEL 
HANDLE ASSEMBLY:- 
PLATE : ALUMINUM ALLOY 3003 "HU 

PER QQ-A-359 TEMPER HIE 
SPRING: STAINLESS STEEL 


BAIL •' STEEL AISI 1010 /-”x 
PER QQ-S-6^ O' 

GRIP: RUBBER 

PER MIL-R-6G5S,CLASSJl,6RADG 60. 
SEAL: NEOPRENE 

PER MIL-ft-665S,CLASS U, GRADE 6& 
FOOT-* ZAMAK NO. S 

PER QQ.-1-363 

LABEL: ALUMINUM FOIL PRESSURE 
SENSITIVE 

PRESSURE EQUALIZER ASSEMBLY 
•VALVE : ALUMINUM ALLOY tOZ 4 
PER QQ-A-26S 

• LOSE WASHER, NUT & RETAINING RING? 
STEEL 

0* RING, INNER £» OUTER 
RIVET: ALUMINUM ALLOY 
E-FINISH : 

LID * CASE; CLOSURE,MALE A FEMALE 
WASH PRIME PER MlL-C-1532* 

ZINC CHROMATE PRIME PER MIL-P-8S8S 
DU PONT NO. 93-91407 OR EQUIV. 

SYNTHETIC ENAMEL CASHMERE BLUE. 

LATCH ASSEMBLY CADMIUM PLATE 
PER QQ-P-416 

PRESSURE EQUALIZER ASSEMBLY ^ 
VALVE BLACK ANODIZE 

PER MIL-A”8 6tS,TYPE I. 
HANDLE A5 SEMBLY: 

PLATE : CAUS TIC DIP 4 ANODIZE (*) 

PER Mll”A”8 6 25,TYPEI. 
SPRING: PASSIVATE 

PER MIL STD-171 


BAIL: CADMIUM PLATE 

PER QQ-P-416 Cl ASS Z, TYPE 2. 
5-LABELING .-SILK SCREEN .75 AMD .SO HIGH WHITE 
CHARACTER 5.06 WIDE LINES PER 
ND IOOZOIB UNLESS OTHERWISE 
SPrciFIED^TOBE DESIGNATED BY PURCHASE 
ORDER) 

4*IDENTIFY USING NASA DWG MO. REVISION LETTER,* 
MANUFACTURER'S SYMBOL PER ND 100 2013 
5. THIS CASE ASSEMBLY CONFORMS TO MIL-T-44S 
EXCEPT PARA 3.51.2 4 *IS WATERTIGHT PER 
MIL- STD ”108 TABLE m. 


PROCURE ONLY FROM APPROVED SOURCES 
ON ND 1002034 FOR THIS DRAWING. 














































REQUIREMENTS 

..GENERAL 

A-INTERPRET ORATING IH ACCORDANCE 
WITH MIL-D -70327 

B- supplier shall conform to quality 
ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404 CLASS 3 
Q. INSPECTION AND ACCEPTANCE 
A- MECHANICAL REQUIREMENTS 
1-DIMENSIONS 
B- SPECIAL REQUIREMENTS 
|- MATERIAL*. ‘ 

* tUD IrCASE ALUMINUM ALLOY 6061-0 (.090THK) 
PER QQ-A-32T TEMPER-O 
CLOSURE .MALE A FEMALE: ALUMINUM ALLOY 6063-T4* 
PER QQ-A-274 TEMPER T4Z 
HINGE: ALUMINUM ALLOY 6061-T6 

PERQQ-A* %10 TEMPER T6 ^ 

LATCH ASSY, BODY 5 STRIKE : STEEL ' 

HANDLE ASSEMBLY' * 

PLATE: ALUMINUM ALLOY 3003 -HU 
PER QQ-A-359 TEMPER HIE 
SPRING: STMNLESS STEEL * 

BAIL: STEEL MSI 1010 

PER QQ-S-634 ^ 

GRIP: RUBBER 

PER MIL-R-6#5S,CLASSJtt,<SRAD6 60. 
SEAL*. NEOPRENE 

PER Ml L-R-6655, CL ASS X, GRADE 60 
FOOT.* IAMAK NO. 5 

PER QQ-Z-36S 

LABEL: ALUMINUM FOIL PRESSURE 
SENSITIVE 

•PRESSURE EQUALIZER ASSEMBLY 
-VALVE ? ALUMINUM ALLOY 1024- 
PERQQ-A-E6S 

• LOCK WASHER, NUT 6 RETAINING RUM? 
STEEL 

V RING,INNER*. OUTER 
RIVET: ALUMINUM ALLOY 
E-FINISH *' 

LID * CASE; CLOSURE,MALE A FEMALE. 

WASH PRIME PER MIL-C-I5326 
ZINC CHROMATE PRIME PER MIL-P-8S6S 
,DU PONT NO. 33-91407 OR EQUIV» 
i SYNTHETIC ENAMEL CASHMERE BUIK. 

LATCH ASSEMBLY : CADMIUM PLATE 
PER QQ-P-416 

PRESSURE EQUALIZER ASSEMBLY 
V VALVE BLACK ANODIZE 

PER MIL-A-6615,TYPE I. 

HANDLE ASSEMBLY: 

PLATE : CAUS TIC DIP A ANODIZE 

PER MIL-A-6»Z5,TYPE t. 
SPRING: PASSIVATE 

PER MIL STD-Ill 
BAIL? CADMIUM PLATE 

PER QQ-P-444 CLASS4 TYPES 
S. LABELING.-SILK SCREEN .IS AND. 30 HIGH WHITE 
CHARACTERS.06WIDE LINES PER 
ND IOOZOI3 UNLES5 OTHERWISE 
SPrcmED(TDBE DESIGNATED BY PURCHASE 
- * ORDER) 

4» IDENTIFY USING NASA DWG HO. REVISION LETTER A* 
MANUFACTURER'S SYMBOL PER ND 1002019 
S. THIS CASE ASSEMBLY CONFORMS TO Mtt.*T-94f 
EXCEPT PARA 3.51.2 4 A IS WATERTIGHT PER 
MIL-9TP-K>6 TABLE m. 


PROCURE ONLY FROM APPROVED SOURCES 
ON NO 1006034 FOR THIS DRAWING. 
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Requirements : 

4. GENERAL 

A. INTERPRET DN<S \N ACCORDANCE WTH MlL-D-lOSST 

B. SUPPLIER SMALL CONFORM TO QUALITY ASSURANCE 
PROVW»\ON* SPECIFIED IN ND10IS404 CLASS 3 

2. INSPECTION AND ACCEPTANCE. 

A. MECHANICAL 

L DIMENSIONS ARE FOR REFERENCE OHCf 

B. MATERIAL 

Plate. 1 . e>R.o*»iA 

ruKTEv- *Ju\jn*\k»vi*A •__ 

_3 . \D^n>t\^ FEI^ KD \oo^o\^ : 


REVISIONS 


SYM 
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DESCRIPTION 


DATE 


APPROVAL 
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notes: 

i-lNTERFHAET DW^ IN ACCORDANCE WITH MIL-D-TOEBT 

1-%U^PUIA SHALL COK1PORM TO QUALITY /kVWRK^CA BPSC-lFlED .VI MD I0IB4O4 CLASSB 
V- LEVEL - 

a- objective apeturc -L3?a »n 

fc- LCNCrTH-IS 114 MAX 

C- C» RCULAR LEVEL SENSITIVITY_4 HIM /MM 

4- TECHNICAL REQUIREMENTS 

A- THE. FOCUSINQ K.KAOC* SHALL EE REMOVED AMD THE POCUBINO* ELEMENT LOCAED 
AT INFINITY FOCUS 

B-th« unit ehvll maintain A TRUE MOQlEONTAiL UME OP %»G,MTCUOE& WITH RESPECT 
TO LOCAL VERTICAL WITHIN E Z EEC. ARC. WHEN THE UNIT IB LEVEL WITHIN t EM I MUTES 
OR ARC. THIS ALIGNMENT ACCURACY EH ACC EftWAIWTAIWEO FOR AMINIMOM OP A 
E4 HOUR PERIOD AFTER RICAUERATIOU. THE CIRCULAR CEVEC SHALL Re AUQNED 
TO THE IMSTRUVSMTS OPTICAL- AVIS IN ORDER TO MEET THE AEOVE REQUIREMENTS 
C“ THE OMIT SMALL MAINTAIN ITE HORIZOMTAL UME OP SIQHT(LOS) WITHIN t E SECOND ARC 
WHIM THE UNIT IE OPP EET PROM CEVEC WITHIM ± IS MINUTES OP ARC. THIE ALIGNMENT 
ACCURACY EH RCC RE M AIHTAIMED POR A MIMIMUM PERIOD OP E4 HOURS AFTER R6CAUSRATOM 
O- THEUKUT EH ACC EE MOOlPlED TO PROVIOE A CAMP MOUBINCr FOR RETICLE ICUJMIMATIOM. 

THE EYEPIECE EHACC BE REMOVED AMO ACCESS SHALC RE PROVIDED TO THE RETICLE ADJUST! HQ 
SCREW WITH THE CAMP HOUBlMQ INSTALLED 

THE SPECIAL reticle SHOWM, EHACC RE ALIQNED TO THE ©ABREL AXIS SUCH * ' ^ 

THAT THE CENTER OP THE STAR ClRCCE LIES IM THE HORIZONTAL PLANE WHIN TESTED 
I Vi ACCORD AMCC. WITH PARAGRAPH B ABOVE 
R. T»4E CIRCULAR LEVEL MUST REMAIN CENTERED WHEN THE INSTRUMENT IS ROTATED 340* 

_ BY MEANS of THE TANCEKIT SCREW KNOBS. . . — 

B- ITEMS EOFPUBD BY VENDOR 

A- FITTED HARD WOOS CARRYING* CASE WITH TOOC COMPARTMENT AND RECATED TOOLS 
©- SPARE BULBS £5) 

C- IDENTIFICATION 

A* IDENTIFY IN ACCORDANCE WITH WD 10020 IS, NASA PART MO, REV LETTER AND MFRS SYR 
T- INSPECTION 4 ACCEPTANCE 
A- PERFORMANCE 

I- INSPECT THAT ACCURACY OP 4© ABOVE IE ACHIEVED WHEN TARGET BUBBLE ON UNIX IB 
ACCURATELY CENTERED. PERFORM ANCE. TESTING with INDUCED TILT OP ±E MINUTER 
OP ARC WILL BE PERFORMED ON A PERIODIC, S\MRJE LOT BASIS 


S-Q4LABB FILTER TORE TIFPEN FILTER NO. 5B OR EQUIVALENT (BOO© BBOO K) 
S-MINIMUM BULB LIFE TO BE EOHEB 



RETICLE. ADJUSTING, SCREW 


CIRCULAR. LEVEL. 


—TWO(2^ CONDUCTOR CAEL.E (M»L<*B4^ 

SlXW FEET LONQ-, C,*P0I^ CONDUCTOR 
TO e>R HOT CONDUCTOR TO M. WHVTR 


'LAMP SOCABT 



+.e>l 


%.©4b(R£F) 


-UG,HT HOUSING, WITH FILTER 


u. 


,B43 (REF^ 


■-.GZB-Il 7 . (RJEF^ 
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I 



GOO ^bEC tlOWC 


► 7 — b.957 DIA— 
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IO EEC t%S6C AND EE 
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-PROCURE OULV FROM APPROVED ‘SOURCE-. 
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| LIST OF PARTS AND MATERIALS 

| UNLESS OTHERWISE SPECIFIED \ \ MANNED 


SPEC.IAL RETICLE CONFIGURATION 
(ANNULAR Ring, and central, star are 

:_TRAKfePAREAirr, BACKGROUND l"S _ 

-J_— opaqucV....___: 
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NOTES 

REQUIREMENTS: 

1- GEUERKL." 

*.WTERVRET DW6 PER MU--0-7OS7T 
B. SUPPLIER SRM-L CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IR 
NO 1015404 CLASS S. 

2- INSPECTION AND ACCEPTANCE s* 

A-MECHANICAL REQUIREMENTS 

I-DIMENSIONS 

3-MATERIAL. AND FINISH *- 
A-FIBER-GLASS GEE PER MIL-P-I811T. 
B-FUNGUS-PROOF PERMIL-V-ITS. 
i ' 4-NUMERALS ARE WHITE 

5- IDENTIFT PER ND 1002019 WITH NASA PART 

HUMBER, REVISION LETTER AND MANUFACTURERS 
SYMBOL. 



■ 

.031—*Jl»— 


PROCURE ONLY FROM APPROVED SOURCES 
LISTED ON NO 1002034 FOR THIS OWS. 


DASH 

NO. 

A 

±.032 

B 
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PRINTED 

(NO.OP TERMINALS) 

1 

1.125 

1. 531 

1 

2 

1.637 

2.093 

1 AND 2 

3 

2.250 

2.656 

1 THRU 3 

4 

2.812 

3.218 

1 THRU 4 
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3.375 

3.781 

1 THRU 5 
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3.937 

4.343 

1 THRU 6 
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4.500 
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6.750 
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13 
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14 
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19 

11.250 
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20 

11.812 
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22 

12.937 
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1 THRU 22 

23 

13.500 

13.906 

1 THRU 23 

24 

14.062 

14.468 

1 THRU 24 

25 

14.625 

15.031 

1 THRU 2 5 

26 

15.187 

15.593 

1 THRU 26 


r FOR INFORMATION ONLY 


CLASS B RELEASE TDR ! 


DATE 

W</ 


n 




A 


— 

FRACTIONS 

DECIMALS 

TOL 

ON 

♦ 

!,o*o 


APPLICATION 


ITEM 

NO- 

TV 


NO. 


CODE 

IDENT 

NOMENCLATURE ON 
DESCRIPTION 

MATERIAL j SPECIFICATION 

m 1 


_ 



LIST OF PARTS AND MATERIALS 1 ■ 


DIMENSIONS AWE IN INCHES 


DO NOT SCALE THIS DRAWING 


SEE NOTE 9 


t c 03 386900846 THRU 0873| 


V*V L t 


CHECKED. 

APPROVAI 






NAM APPROVAL. 


tesBp£&M- 

»«t 


MIT APPROVAL 


HOUSTON, TEXAS 


PLATE, DESIGNATION 

SPECIFICATION CONTROL DRAWING 


CODE IDENT NO. 


SCALE NONE 


l 


INCHES 


~-n - 


NASA NUMBER 


10016 66 


SStSal l ,MttT ~ 


if 


. P-1..4W 

n h 

* * i > m 


' .t. 


r -* 


11- : ? : 


V.. 


Warn* 


I 






4 

4 


*1; 

N 


i l. 


I 

'I '• 

* :■ 



















Xwj r 

nr 


ttmuEtitmscz _ __ 

— INTF^PPET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED 
HZl BY MIL-0-70327. 

ZZ_SUPPLiER SHALL CONFORM TO QUALITY ASSURANCE PROVISIONS 

I-SPECIFIED IN NASA SPECIFICATION ND 1015404, CLASS 3. 

TZ__FUSE3OLDER 3HALL MEET ALL REQUIREMENTS-LISTED 0N.TM1S-^ 

-- DRAWINul .- - 

“ INSPECTION AHD ACCEPTANCE : (SAMPLE) 

“-..MECHANICAL REQUIREMENTS: . ' « * irv • 

MARKING; IDENTIFY USING NASA DWG NO., REV LTR AND 
'll MANUFACTURER'S SYMBOL PER N0 1002010 

ELECTRICAE1PEQ0IREMENTS'. PER TABLE 1 T-V - _- 


Z.991001 


REVISIONS 

DESCRIPTION 


DATE APPROVAL| 


"~mTESL_.. 

K>_TEMPERATURE LIMITS i TEMPERATURE LIMITS APPLY 
^ ~ TO FUSEHOLDER ONLY. FUSE DEGRADATION MUST BE 

_Z_CONSIDERED AS AN INDEPENDENT EFFECT. 


threads 

r-TKNOB _ I 

[ I #- RESISTOR 

1 r*m 


DESIGN REQUIREMENTS I - - 

1. CURRENT RATING t 20 AMPS MAXIMUM* -1 . 

IjOPERATUm^BLOwir FUSE WILL CAUSE KNOB TO LIGHT. 

1 MATERIAL AND FINISH ». ._-• ... 

" BODYslMOLDED PHENOLIC 

KNOB*- HIGH TEMPERATURE POLYSTYRENE, FREE OF CRACKS 
OR CRAZING!SMALL BUBBLES AND NORMAL WELD LINES 
;-ARE ACCEPTABLE. 

.._L1 CAP INSERTS BRASS, BRJGHT ALLOY PLATE. „ ^ 

—■— TERMINALS* BRASS, HOT SOLDER DIPPED (40% TO 70% 

" TIN CONTENT) ExdEPT INSIDE SURFACE OF END TERMINAL HOLE. 
"T" SPRING : STAINLESS STEEL 
ii:r nut*, steel* zinc plated and chromate dipped 

11_ FLAT WASHER: NEOPRENE 

HXDCKWASHER: PHOSPHOR BRONZE, NICKEL PLATED 
" CORROSION RESISTANCE; ALL METAL PARTS SHALL BE TREATED TD 
UJNITHSTAND QQ-M-151 SALT SPRAY TEST FOR 50 HOURS. 
ENVIRONMENTAL REQUIREMENTS: 

"_TEMPERATURE, ALTITUDE AND HUMIDITY * 

“ NON OPERATINGJ .- 

_TEMPERATURE? -37°C - 17I°C . 1,- . 

^IITZALTITUDE : 40,000 FT. 

—• — HUMIDITY : 95% FOR 12 HOURS 

* ‘l" OPERATING ■ -. 

- i&> ... TEMPERATURE l +IO®C - *0O°C 

_ ALTITUDE? O- 5000 FT. . 

- SHOCK? -22Y G'S, 11 MILLISECONDS 

HZH-.ViB.RAT LQMx lA — _ . 


—«4 .612 h*- 


_hgti" 



ft 

-.UQ L-.UC 



SCHEMATIC 
(FOR REFl_ 


—MBI1 H"- 


-|-16 THREADS 
/--RESISTOR 


LL- 


2 L, 


ULANP* REQiJl REM ENTS: 

:z- INCANDESCENXl.ZZZ VOLTS^OGO AMPS 

PEPNTTi 5 VOLTS TZ 1—L- 


FIG. 1 


-==- 3. IB I -- 

KITH.FUSE INSTALLER _ 


UTABLE 


NUMBER 

J_l - ! 



VOUAGE 

RATING 

RESISTOR 
t 20°to 

.FUSE SIZE 
INCHES 

30 TO 300 

523E25BI5i 

4*1 

90 TO 300 

I no,ooo ! 

1/4 a l V4 



INCANDE 5 CENTI 12 TO 33 


INCANDESCENT 13 TO 11 


NCANDESCENT 4 TO 6 


IMCAJ1DE5CENT C4 TO 13 


120,000 


330 .... 


NOME 


15 


40 


COLOR 


BLACK 


BLACK 


BLACK 




1/4 a | 1/4 

OCT 


1/4 A 1 1/4 

OCT 

RED 

1/4 A 1 1/4 

OCT 

RED 
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REQUIREMENTS: 


GENERALi 


IZ 9100 I 




REVISIONS 


DESCRIPTION 


DATE I APPROVAL 


ATINTERPRET. DRAWING IN ACCORDANCE WITH MIL-D-70327 
B.-SUPPUER3HALL CONFORM TO THE QUALITY ASSURANCE 
_ PROVISIONS SPECIFIED IN ND 1015404, CLASS 3- 
__:CL PRESERVATION, PACKAGING, AND SHIPPING. SHALL’BE IN 
ZL_ ACCORDANCE WITH MIL-P-3131, LEVEL A. 

“TAPE SHALL BE WOUND ON SPOOL OR ROLLS OF SO0 YARDS 
1 IN ACCORDANCE WITH; PARAGRAPH 3.10. 2 OF MIL-T*7I3 
“D. INDENTIFY USING NASA DRAINING NO., REVISION LETTER 
. -AND—MANUFACTURER'S-SYMBOL PER N D 100 TO 13. 

TTNSPECTtON AND“ACCEPTANCE: --~ r . ~ ~ 


A. TAPE WIDTH! SEE TABLE I - --_-__r_ 

3 .:tape'thickness s see table 11~.~r: . “::_;7i:.v;z, 

B. JIDRKMANSHIP SHALL BE IN CONFORMITY WITH PARAGRAPH 3.11 

:0F MiL-T-713 ' . : ‘ .. 

C. XOLOR;: natural - (WHITE) -— r :: 

ID BREAK ING SXRENGTH i SEE TABLE C, TESTED IN ACCORDANCE WITH METHOD 4102. 

TJEZFEDERAL SPECIFICATION CCC*T-l9l- _. - _ 

iSIGN ftEQTXIREM ENTS I ■ ., "I... • 

ZA. MATERIALT POLYESTER FIBERS, BRlOED, FLAT 

ZBI .FIN I5HI.Rt>BBER, SYNTHETIC, NON-FLAKING- 

C. FUNGUS~RE5ISTANCE SHALL BE IN ACCORDANCE WITH . ’ 

ZZZ PARAGRAPH 4. A, £_DF MlL=J-.U3 .EXCEPT THE TYPE OF 

-TAPE-TESTED3HALL BE THE TAPE , SPECIFIED,ON THIS_ 

IDR AWING, - 


°m*~ , BR (Kr TH ~^dth thickness 

J.7 - 40 .0361.003 ,029 -. 003 

' OH-— ' so; ... . .cnoxm .mist.,003 
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REQUIREMENTS: I— 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE 
WITH STANDARDS PRESCRIBED 
BY MIL-D-70327 
£>. SUPPLIER SHALL CONFORM TO 
QUALITY ASSURANCE PROVISIONS 
SPECIFIED IN NDI0I5404 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 

I. DIMENSIONS 
Z. MATERIAL 

CABLE-NYLON PER MIL-C-5424 
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REQUIREMENTS 


I. GENERAL: 

a) INTERPRET DWG N ACCORDANCE WITH MIL D*70327. 

b) SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE 
PROVISIONS SPECIFIED IN NDI0I5404, CLASS 3. 

e. INSPECTION i ACCEPTANCE: 

a) MECHANICAL REQUIREMENTS: 

I-DIMENSIONS AS SHOWN. 2-CERTIFIED CALIBRATION 
B. DETAIL SPECIFICATIONS- 

a) BASE-CAST IRON, THREE 2 IN. CASTERS 

WITH RUBBER TIRES (RETRACTABLE) 

5 ADJUSTING SCREWS WITH LOCK NUTS. 

b) MAIN TUBE. SEAMLESS STEEL TUBING WITH A 

BRONZE CLAMPING COLLAR BRAZED 
TO UPPER END, AIR CUSHION, BRACES 
C) INTERMEDIATE-HARD CHROME PLATED, RACK ATTACHED 
TUBE TO TUBE, INTERCHANGEABLE INSTRUMENT 

MOUNTS, OPENING OF »£ IN. THRU CTR 
OF BASE AND INTERMEDIATE TUBE 
4) CONTROLS- - CAPSTAN, RACK PAWL AND CLAMPIN6 LEVER- 
CHROME PLATED. CAPSTAN SPOKES AND 
CLAMPING LEVER ARE TERMINATED IN 
BLACK PHENOLIC KNOBS. 

e) INSTRUMENT MOUNT. 1/2 IN. COORDINATE MOVEMENT 

3VWNS-2 THREAD. 

f) WEIGHT-STAND ONLY* 220 LBS APPROX 

SHIPPING -170 LBS APPROX 

4. FINISH: 

a) PREPARE ALL SURFACES PER ND1002098 

b) PAINT BASE EXTERIOR SURFACES USING 3 COATS 
OF FED- STD-595 COLOR NO. 26251 (DARKGRET) 





5. IDENTIFICATION: 

•) IDENTIFY USIN6 NASA PART NO., REV LETTER 
AND MFRS SYM PER NDI0020I9. 

4. SPOT DR NCX 55 (-052) . 167 DP AND ATTACH 

IDENTIFICATION PLATE NO. 1019345 USIN6 4 ROUNDHEAD 
DRIVE SCREWS NOs. MS21318-1 AT K.I.C. 
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REQUIREMENTS: 


|V 19^(001 


I. GENERAL: 

A. INTERPRET DWG PER MIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUAUTT ASSURANCE 
PROVISIONS SPECIFIED IN NDI0I5404 CLASS 3 

2..INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
I. DIMENSIONS 

3. DETAIL SPECIFICATIONS 
A. SWIVFL CASTER-WITH LOCKING BRAKE - 

1. WHEEL MATERIAL: FORMICA * PHENOLIC MOLDED CANVAS 
WHEEL, MACERATFD CENTER, LAMINATED TREAD 

2. WHEEL SIZE: 4'DlA X I/i 
i TOP PLATE AND FORK MATERIAL: 

SMOOTH CASTINGS OF HIGH GRADE ALLOY IRON 

4. LOWER BALt PLATE: HEAT TREATED CASTING 

5. SAIL BEARING MATERIAL GRADE A CHROME NICKEL STEEL 
G. WEIGHT: a LBS EACH APPROX . 

b- RIGID CAGTTR- 

1. MATERIAL: SAME AS SWIVEL CASTER 

2. WHEEL SI ZE : 4" DlA X I ‘4 

3. WEIGHT: 4'/t LBS EACH APPROX. 

C. MOUNTING PADS' MATERIAL- STEEL 

D. DOLLY: MATERIAL-STEEL 

4. FINISH. 

A. PREPAREALL SURFACES PER ND 1002098 

B. PREPARE ALL SURFACES AiTH ZINC DUST PRIMER MIL-P-2G9I5. TYPE 1 
CLAS5 A,(E5-2C,4M) PER MIL-STD-508. CODE FIOI. APPLY 2 COATS.PER FED SPEC 7T-E-5Z3 
CLASS B,SEMI-GLOSS ENAMEL,COLOR 2C25I (DARK GREY) OF FEDSTD-535 PER NUL.-F-14072. 

5. IDENTIFICATION 

A IDENTIFY USING NASA PART NO., REV LETTER AND 
MFRS SYM PER ND 1002019 

6. SPOT DR NO. 55 (.052) .167 DP AND ATTACH 
IDENTIFICATION PLATE NO. I0I934G USING 4 
ROUND HEAD DRIVE SCREWS NO. MS2I 316-1 
AT K.I.C. 
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REQUIREMENTS: 


I. GENERAL: 

A. INTERPRET DWG PER MIL-D-70327. 
t> SUPPLIER SHALL CONFORM TO QUAtlTT ASSURANCE 
PROVISIONS SPECIFIED IN NDI0I5404 CLASS 5 
INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
I. DIMENSIONS 
S. DETAIL SPECIFICATIONS: 

A. SWIVEL CASTER - WITH LOCKING BRAKE 

I. WHEEL MATERIAL! FORMICA ’ PHENOLIC MOLDED CANVAS 
WHEEL, MACERATED CENTER, LAMINATED TREAD 
E. WHEEL SIZE: 4'DIAX I Vi 
§. TOP PLATE AND FORK MATERIAL: 

SMOOTH CASTINGS OF HIGH GRADE ALLOY IRON 
LOWER BALL PLATF: HEAT TREATED CASTING 
S. BALL BEARING MATERIAL’- GRADE A CHROME NICKEL STEEL 
G. WEIGHT: d LBS EACH APPROX. 

3 R161D CASTER - 

I. MATERIAL SAME AS SWIVEL CASTER 
1. WHEEL SI ZE ’ 4* DIA XI'4 

5. WEIGHT-’ 4‘/t LBS EACH APPPOX. - 

C. MOUNTING PADS•’ MATERIAL- STEEL 

D. DOLLY: MATE RIAL-STEEL 
4 FINISH: 

A. PREPARE AIL SURFACES PER ND1002098 

B. PAINT ALL EXTERIOR SURFACES USING 3 COATS OF 
FED-STD-595 COLOR NO. 26251 (DARK GRET) 

5. IDENTIFICATION: - „ 

A.IDENTIFY USING NASA PART NOl, REV LETTER AND 
MFRS SYM PER ND1002013 
G SPOT DR NO. 55 (.052) .187 DP AND ATTACH 
IDENTIFICATION PLATE NO. 101934G USING 4 
ROUND HEAD DRIVE SCREWS NCX MS 21516*1 
AT K.I.C. 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

0 DIMENSIONS AS SHOWN 

2) MATERIAL: CARBON STEEL ,PER QQ-S-G33 

3) FINISH: CADMIUM PLATE PER QQ-P-416, 
TYPE I, CLASS 3 

4) THREADS'- PER MIL-S-7742 

B. IDENTIFICATION: 

IDENTIFY USING NASA PART NO., REV 
LETTER AND MFRS SYM PER NDI0020I9 
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REQUIREMENTS: 

1. GENERAL*. 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

0 DIMENSIONS AS SHOWN 

2) MATERIAL: CARBON STEEL ,PER QQ-S -633 

3) FINISH: CADMIUM PLATE PER QQ-P-416, 
TYPE I, CUSS 3 

4) THREADS’* PER MIL-S-7742 
B. IDENTIFICATION: 

IDENTIFY USIN 6 NASA PART NO., REV 
LETTER AND MFRS SYM PER NDI0020I9 
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REQUIREMENTS: 

I. GENERAL*. 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL-D-70327 
^ SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN 
ND 1015404 CLASS 3 


18 91001 


1 REVISIONS 
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2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

0 DIMENSIONS AS SHOWN 
! 2) MATERIAL: CARBON STEEL ,PER QQ-S-S33 

3) FINISH: CADMIUM PLATE PER QQ-P-416, 
TYPE I, CLASS 3 

4) THREADS'- PER MIL-S-7742 
B. IDENTIFICATION: 

IDENTIFY USING NASA PART NO., REV 
LETTER AND MFR5 SYM PER ND 1002019 
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REQUIREMENTS'- 

1. 6ENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE 
PROVISIONS SPECIFIED IN NDI0I540-4 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

1. DIMENSIONS 

2. MATERIAL - HAND KNOB* ALUMINUM 

^ SCREW t> SHOE-CARBON STL QQ-S-633 

3. FINISH* kOJoB-BLACK OXIDE PEC MIL-C-13*324 

e»TUE>-NJICtCei_ PLATE PEE MIL-P-6>SS9 
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REQUIREMENTS'. 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE 
PROVISIONS SPECIFIED IN NDI0I5404 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

1. DIMENSIONS 

2. MATERIAL-HAND KNOB'ALUMINUM 

SCREW $ SHOE-CARBON STL QQ-S-633 

3. FINISH-BLACK OXIDE PER MIL-C‘13924 

B. IDENTIFICATION-IDENTIFY USING NASA PART NO-, 
REV LETTER AND MFRS SYM PER ND1002019 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BT MIL-D-70327 
t>. SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE 
PROVISIONS SPECIFIED IN NDIOI5404 CLASS 3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

1. DIMENSIONS 

2. MATERIAL* CfcflBON STEEL 4130, MIL-5*6758, HfclLT TREKT ROCKWELL C 35-40 

3. FINISH-BLACK OXIDE PER MIL-C-13324- 

B. IDENTIFICATION- IDENTIFY USING NASA PART NO., 

RE/ LETTER AND MFRS STM PER NDI0020I9 
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REQUIREMENTS ■ ... _ 

:; I.. general v z": .z: _ '~zz._ .; ' . z 

A) INTERPRET DRAWING IN ACCORDANCE 

WITH STDS PRESCRIBED IN MIL-D-70327. - 345 ~ 

B) SUPPLIER SHALL CONFORM TO QUALITY Z 
I_,Z". ASSURANCE PROVISIONS specified 1 

IN NO 1013404, CLASS 3. . Z7 J 

2 . INSPECTION AND ACCEPTANCE. 1 Z T.5I5 

‘ - A) MECHANICAL REQUIREMENTS' ZZ I 

_ 1 1. DIMENSIONS. "7 *— 

Z. 3. SPECIAL REQUIREMENTS. 

Z A) LOAD CARRYING CAPACITY TO 1000 LB TENSION. 

4. MATERIAL*. ' ~ - 

ZZ A) LATCH $ CATCH -STL: 5AE 4130 HEAT- TREATED 
Z B) ANCHOR PLATE- STL: ASTM A245 OR A4I5. 

Z . C) REX-NUT-STL BillE OR EQUIVALENT 
ZZZ D) PLATE-WING - CR STL SAE 1020. . 

Z E) PIN -ZSTL COMMERCIAL AISI CI0IO-CI020. 

~ 5. FINISH: 

Z_. A) CADMIUM PLATE PER QQ-P-416, CLASS2, > 

_ . TYPE H EXCEPT CHROMATE TO BE \ 

Zz: z.: CLEAR. _..z : ;zz .zzzr 

IDENTIFY USING NASA PART NO., REVISION 

LETTER AND MANUFACTURER^ SYMBOL Z_ 

PER ND1002019. 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL*D-70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISION SPECIFIED IN 

ND 1015404, CLASS 3. 

2. INSPECTION £ ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
I. DIMENSION . 

3. MATERIAL: 

A PIN HOLDER- CARBON STEEL CIOI8 , PER QQ-S-C53 
L . B. PIN> CARBOM STEEL. CII4I 
... ; : C. HOUSING" CARBON STEEL C1018, PER QQ-%*6« 

' :D. BUSHING" NEOPRENE . 

.4. FINISH" 

ALL METAL SURFACES TO 8E TREATED &. 

T FINISHED IN ACCORDANCE WITH MIL-F-14072 

~zT.:: pz 11 typee. . 

T APPLY TWO£) COATS OF CASHMERE BLUE 
4 : ENAMEL PER DWG NO. IOIGI94. 

HOLES AND SURFACES MASKED X TO BE 
j FREE OF PRIMER AMD PAINT. 

5. IDENTIFY USING NASA PART NO. REVISION 
LETTER AND MFRS SYM PER NO 1002019 
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PROCURE ONLY FROM APPROVED SOURCES LISTED 
ON ND 1002034 FOR THIS DWG. 
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REQUIREMENTS:- 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL-D*70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISION SPECIFIED IN 
ND 1015404 CLASS 3. 

2. INSPECTION £[ ACCEPTANCE- - 

A.MECHANICAL REQUIREMENTS 
I. DIMENSION 

3. MATERIAL: 

A PIN HOLDER CARBON STEELCIOI8, PER QQ-S-CV53 
B PIN: CARBON STEBL Cn4l 
(£ C. HOJS.r-.G AL 'ACT 2024-T4,QQ A 225/i 
@ D. BUSHlN§NEOPRENE TUBE(B^)PER.MiL-R-iL 8S6 Cl2,<iR<i 

4. FINISH: 

A-ALL STEEL c ’\RTS TO TREATED AND 

FINISHED IN ACCOGDANCE WITH MIL-F- 14072(SISCJ 
P2II TYPE I. 

@ &• ALUMINUM '=»ART TO BE TREATED AND PN'SHED 

'N ACCORDANCE VJ'TH MIL-F-14C. 72 ("VlCi CY P5I3 TYPEH 
C-APPLY TVJ0C2) COAJS OF CASHMERE S>Ll><= EMAME.L 
PER DVI-i UO 1C'.'' '.'M. -.OlES AMD SURFACES . 

•4ARNEO "O AT FRE.C OF ORWEE. ANPs PA'NfT 

5. I DENT IFV UVNG, NASA PART NO. REVISION LETTER. 
AND MFRS STM =>ER UO 100201«5 
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ON ND 1002034 FOR THIS DWG. 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE WITH 
STANDARDS PRESCRIBED BY MIL-D'70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISION SPECIFIED IN ... 

ND 1015404, CLASS 3. 

2. INSPECTION £ ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
I. DIMENSION 

3. MATERIAL: 

—A. PIN HOLDER:CA(?BONSTEELOOI8,PER QQ-&-G33 

B. PIN = CARBON STEEL Cl 141 

- c. HOUSING-: CARBON STEEL CIOI&.PER OQ-S-633 

D. BUSHING: NEOPRENE 

4. FINISH:_ 

I. , ’ ALL METAL SURFACES TO BE TREATED 6. 

ZZL. FINISHED IN ACCORDANCE WITH MIL-F-14072 (SISCJ 
—~Z_ P2II TYPE IE. 

! APPLY TWO C) COATS OF CASHMERE BLUE 
1~ ENAMEL PER DWG NO. IOIGI94. „ , 

i HOLES AND SURFACES MARRED X TO BE 

_r. freeE OF PRIMER. AND PAINT 

5 identify using nasa part no., revision 

' LETTER AND MFRS SYM PER NO. 1002013 
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Ft'QlMPEMENTS: 

1. GENERAL: 

A. INTERPRET P W IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY Mlt-D *70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN ND 
101540-4, CLASS 3. 

C SPECIAL REQUIREMENTS- 

RUPTURE PRESSURE 7.5 PSIGt2. 5 PSIG 
CALIBRATE BY MAKING (2) RUPTURE DISCS 
PER ASSEMBLY FROM SAME SHEET OF MATERIAL 
AND PRESSURE TEST (I) DISC TO FAILURE. 

STAMP RUPTURE PRESSURE ON CALIBRATION 
TA6. 

2. INSPECTION £ ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
. I. DIMENSION 
03. MATERIAL’. 

* A. FUNG - INNER AND OUTER - ALUMINUM ALLOT <SOC»l-T<* 

PER QQ-A-225/6 ,TEMPER TQ, 

6. SCREEN RETAINER- ALUMINUM ALLOT SOfet -TO, 

PER QO- A* 225/8, TEMPER "T& 

C. RUPTURE DISC - ALUMINUM ALLOT IIOO-HH 

PER OQ-A-2SO/I . .OOI TRICK 

a SCREEN- ALUMINUM ALLOT *5005 T*0 - 

PER MIL-A-8G2S,TYPE It 

A. FINISH : 

A. RUPTURE DISC -PLAIN 

B. SCREEN-SULFURIC ANODIZE PER M\L-A-8<*2S,TTPE M 

C. ALL SURFACES OF INNER AND OUTER RING AND SCREEN RETAINER TO SE 
TREATED AND FINISHED IN ACCORDANCE WTH MIL-F-14072 (SIG C),PS(3 
APPLY PRIMER Te. SURFACES MARKED *"Y”* ONLY 

APPLY TWO (2> COATS OF CASHMERE SLUE ENAMEL PER NASA DWG NO. IOH.IS4 
TO SURFACES MARKED *T ONLY 

5. IDENTIFY USING NASA PART NO. RET LETTER AND MFRS SYM PER ND\0020tS 


PROCURE ONLY FROM APPROVED SOURCES LISTED 
ON ND 1002034 FOR THIS DWG. 
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REQUIREMENTS : 

1. GENERAL: 

A. INTERPRET DW<3 IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL -D'70327 

B. SUPPLIER SHALL CONFORM TO QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN ND 
1015404, CLASS 3. 

G. SPECIAL REQUIREMENTS: 

RUPTURE PRESSURE 7.5 PSIGi 2.5 PSIG 
CALIBRATE BY MAKING (2) RUPTURE DISCS 
PER ASSEMBLY FROM SAME SHEET OF MATERIAL 
AND PRESSURE TEST 0) DISC TO FAILURE. 

STAMP RUPTURE PRESSURE ON CALIBRATION 
TA6. 

2. INSPECTION £ ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS 
I. DIMENSION 

3. MATERIAL: • 

RINC,-INNER4-OUTER- Al.UM.AU.OY GOGl-TG 

... . PER FED.SPEC A<drA-ZZS/6 TfcMPtR T€> 

DISC - ALUM.FOIL. . 

4 FINISH: * --- 

ALL SURFACES OF INNER <. OUTER RING* TO 
e>E treated t FINISHED in accordance, with 
MIL-F-I4072. (SIG, O.P&I3. ONLY APPLY PRIMER 
. TO SURFACES THAT ARE TO BE PAINTED. . • 

APPLY TWO (2) COATS OF CASHMERE SLUE. 
ENAMEL PER NASA OWq NO. I01G194 TO SURFACES 
MARKED 

5.IDENTIFY OSmq NASA PART NO. REV. LETTER 4. 
MFRS SYWI PER ND 1002019 
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REQUIREMENTS 8 -7 - 

, I. GENERAL*. ' " - 

A-INTERPRET DWG IN ACCORDANCE WITH 
~ STANDARDS PRESCRIBED BY MlL-D-70327. 

B- SUPPLIER SHALL CONFORM TQ QUALITY 
ASSURANCE PROVISIONS SPECIFIED IN 
NO 1015404, CLASS 3. 

2. INSPECTION ACCEPTANCE; - - ..7 7 

A-MECHANICAL REQUIREMENTS 7:7 :_ 7_7 _ 

: 1 -dimensions .' 

z- SPRING DATA 

A-MAX COMPRESSED LENGTH * 10.000 
. _ B- MAX EXTENDED LENGTH AT 180 LBS * IB* 23.750 
C- HYSTERESIS « 1.250* .250 
. S MATERIAL*" 

BOTH SPRINQS- STAINLESS STEElTsiC ~ 

~ ■ PER FED. SPEC: QQ-W-423 COMP. 3IG,GC>ND.B 

TUBE-ALUM. ALLOY # C06I-TQ 

_7 PER FED. SPEC: WW-T-700/6 TEMPER TG 

I 4. FINISH .7" 

TUBE-ALL SURFACES SHALL BE TREATED AND 1 

FINISHED IN ACCORDANCE WITH MIL-F-14072 (&!4Cl jtf— 
PBIS. DO NOT APPLY PRIMER. TO INSIDE 
4 GROOVE SURFACES. (iff 

■ APPLY TWO (2) COATS OF CASHMERE BLUE ,3( 
ENAMEL. PER NASA OWQ. NO. \0\0\S4 . 

5.IDENTIFY OSINQ NASA OWQ HQ. REV. 4 

MANUFACTURES SYMBOL PER HO K»20\3 


PROCURE ONLY FROM APPROVED SOURCES 
LISTED ON ND 1002034 FOR THIS DRAWING. 
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REQUIREMENTS-* 

1. GENERAL: 

A. INTERPRET DWG IN ACCORDANCE 
WITH STANDARDS PRESCRIBED 
BT MIL-D-70327 

B. SUPPLIER SHALL CONFORM TO 
QUALITY ASSURANCE PROVISIONS 
SPECIFIED IN NDI0I5404 CLA6S3 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

I.MATERIAL-' N\copr«nhe 

B. IDENTIFICATION: 

IDENTIFY USING NASA PART NO.) 
REV LETTER AND MFRS SYM 
PER NDI0020IB 
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I INSPECTION AND ACCEPTANCE ; 

A. MECHANICAL 
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1001G99 
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1 SCALE HONE 1 WEIGHT 
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1 


{requirements: _ 

ir general: :::::::: 

A-INTERPRET DWG PER MIL-D-70327 
~B-SUPPLIER SHALL CONFORM TO QUALITY ASSURANCE 
"PROVISIONS SPECIFIED IN NDI0I.54O4 CLASS 3 _ 

2- INSPECTION AND ACCEPTANCE '. .. 

: A-MECHANICAL REQUIREMENTS T Til I 1 1_ 
• I-DIMENSIONS .125 STOCK 

3- MATERIAL*. 

Z_POLYAMIDE (NYLON) PLASTIC IN CONFORMITY WITH 
LATEST ISSUE OF MlL-M-20693, COMP A, TYPE 1 
T AND MIL-P-17091 TYPE H WITH EASTMAN TYPE-910 
r T ADHESIVE PRESSURE SENSITIVE BACK. 

4- IDENTIFY USING NASA DWG NO. REVISION LETTER 

, lAND MANUFACTURER'S SYMBOL PER NDI002OI9. 


; OOZ.IOOI 

REVISIONS | 

SYM 

ZONE 

DESCRIPTION 

DATE 

APPROVAL 








* 


PROCURE ONLY FROM APPROVED SOURCES LISTED 
ON ND10020 34 FOR TUIS DRAWING 


FOR INFORMATION ONLY 

CLASS B RELEASE TDR No. /37 5^ DATE 
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REQD 

SVM 

government/nasa 

NO. 

KOLLSMAN PART NO. 

CODE 

IDENT 

NOMENCLATURE OR 
DESCRIPTION 

MATERIAL 

SPECIFICATION 

UNIT 

WT 





LIST OF PARTS 

AND MATERIALS 





UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 


TOL| 

ON 


FRACTIONS 


DO NOT SCALE THIS DRAWING 


MATERIAL 


SEE REQUIREMENT 3 
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ELMHURST NEW YORK^ 


03386900932 


DRAWN DATE^~2*fe4- 

CHECKED. r Lt.PkzzA 93-44 


APPROVAL. 

APPROVAL 
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NASA APPROVAL 1 


a. c*r„s)j u 


MIT APPROVAL 


& A&JpA/ofa/O* 


0 <Y^ MANNED 

SPACECRAFT CENTER 

HOUSTON, TEXAS 


POLYAMIDE(WYLONJ) PLASTIC 

: ADHESIVE BACKED 

SPECIFICATION! CONTROL DRAWING 


CODE IDENT NO. 


NASA NUMBER 


1001700 

jsHEET | OF I 


CALC 

ACTUAL 
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oo 
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INCHES 

‘L ««. <Ai i , J ,m, I d I 

O_ I g~ 

■ 'WWTUSRAPH»C «C*i Jf OWT | 
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Rt ^OIREMENTS'. 


qe!'.eral-« 

A -Interpret OWC, PER. >A^D-7o3E7. 

SHALL CONFORM TO ®OAUTY PROGRAM 

_ QLIPEMENTS AS CONTAINED IN Mil-Q.-3858 
C.- S^PEC^L RE.GO VRAM'S HTS*. 

RETICLE DE^irh SHALL BE IN ACCORDANCE WITH 
PlUG loonoi S44T20F? 

t.*D€SIGN RE%OIREMEHTS 


- EFFECTIVE FOCAL. LENGTH - 

- FOCUS - - 


- magnification- 

-FIE’.D OF ViEvU - 


- 4B IKCHEB RJEF. 
-INFINITY 


•MWINUM WORVCIHQ DISTANCE- 

-ObJECTWC RESOLUTION- 

-SENSITWITT REPEATABILITY- 


- OC COLAR FOCUS RANGE - 

-scale Divisions - 


3.-INSPECTION AHO ACCEPTANCE .' 

-MECHANICAL REQUIREMENTS • 

~ OVERALL. DIMENSIONS 
-RCAomG Accuracy (full range) 

- «EAOMG ACCURACY (per OROWV rev) -i »/ 2 ARC- SECONDS 

-LIGHT SOURCE- VARIABLE \hTEHSiTY £ VOLT LAMP 

-Filter ..—.—. green- for *u«rou> baa»o (visual 

spectrum; light project** 

- OPTICS-AHTI- RE FLECTION COATED 

-POWER. INPUT- IIS VOLTS, CO CYCLES 

(JRAHSFORJMER ,RhEOSTAT AMO 
POWER CASlE. SUPPLIED. 


38 v 
26 ARC -MINUTES 
NSC FEET 
2.SACC-9EEDNO* 

*/io ARC- SECOND 
* BDiOPTERS 

SECONDS A HO TENTHS OF SECONDS, ONE MINUTE PER REVDlDTtQM 


-Barrel surface shall be straight 
VUITUVVI .000 25 OVER ENTIRE. LENGTH 
-FWED reticle TO BE CENTERED TO 
OUTSIDE. DIAMETER OF BAER&L WITHIN 
5 SECONDS OF ARC . 


DUST CAP 


-filter "to 8B. used with illuminating 
Source. Shall e>e scnott vss 

FILTER or EQUIVALENT 



* —COLLIMATOR TO BE SUPPLIED WITH 
HARDWOOD CARRvihG case with hinged 

COVER AND CARRYING! HANDLE 
NAMEPLATE. HO. 101937^ TO BE 
ADDED AT KIC USING FOUR (4) HO. 2 ROUND 
HEAD STAINLESS STEEL SCREWS PER MS 35495-201 
2> — AT Hie. APPLY PLATE IDENTIFICATION 
Ha IOIS 37 o BlHG* EC 81G 
PER WML-A-EOSZ. 

G>.-FINIS>W- fill IH cast SjORFACES and RUB TO 
A SMOOTH FINISH, IN ACCORDANCE WITH 
NO lOoeOBB. PARA. 3 C l . THEN APfV< 

5 COATS OF GRAY ENAMEL. .COLOR 
HO. EC 2SI OF FED-STD 


-18.750- 


12.875- 




-B.i49B±ggg$ DIA 



IDENTIFICATION 
SEE NOTE 4 


T 
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3 


2 


I 

I 



- EYEPIECE 
FOCUS ±190 




IDENTIFICATION PLATE. 
SEE NOTE £> 


I LIST OF PARTS AND MATERIALS _ 

UNLESS OTHERWISE SPECIFIED I "«S T * u **tN T C °*«)«ATI0II MANNED 

DiMtNsiows AM m imcmcs me ~SPACECRAFT CENTER 


00 NOT SCALE THIS DRAWING j 


2. INCH 

AUTO COLLIMATOR 

SPECIFIC At\0H CONTROL OWQ 

COOi lOtHT NO SIZE NASA NUMSC* 

E 1001102 



































202AOOV 


REVISION <ei*e »/.././I 

DESCRIPTION | DATE | APPROVAL | 


RETICLE , FIXED, BlFILAR 
$ matLtEleiaent no.imdTL-opt. class * 

Spec-RETICLE GlOKC 

TYPE.-C623- sac. 


REDSE TOL - 
OD- 


-L 52 5 
-B&.G 
clea* overlay 

CEMENT WITH LENS BONO M-62 
_ 12. MINUTES 
- BLAC* LAQuER 


m 


» LINES TO ®E BlACH ON CLEAR BY PHOTOGRAPHIC EMULSION 
PROCESS 

O ECX^E OF LINES TO be S'AOOTH aho clean unoelr. 

2F** MAC^N\rkCAT\ON 

COAT BOTH SIDES WITH ANTI-REEL JAM-T-VS (\<dO*T *A* TtPP.) 


*H t—.05 
- 00 

Hll—.oi' 


U—.050 TYP 


IK 


0 .000640 DIMS AS SHOWN IN DETAILAJO BE. EQUAL 
WITHIN .000040 


CURSOR , HORIIONTAL 

A) TOLERANCE ON ALL LINES t ioX OF stated VALUES 
NONv CUMULATIVE ON A G»IVElsl CURSOR, t S 7. 
TOLERANCE ALSO PERMITTED RANDOM DIRECTION. 

6) NUMERAL LINE THICKNESS TO BE .0018- 
C) LINES TO BE PHOTO REPRODUCED BLACK ON 
CLEAR. . OOOI MAX THICKNESS. 


.0590 - 

±.0038 


3l CURSOR , VERTICAL 

A') SAME NOTES AS NOTE 2. 


.098)4 ±0200 



.0123 TTP 
.0575 TYP 


-.0115 HIGH 


.0012 YllOE. FILAR LINES- 
( DEFECT .000E t*AYl) 



-.0100 BEY R. 


.0004 WIDE GRADUATION UNES- 
(DEFECT .OOOI VAAYL.) 



3337tS§§§ 

DIA. 


CURSOR, VERTICAL 

SCALE IO-.I 


I 


.0125 HIGH 


EMULSION sioe 


.0054 TYP ♦jfP f 
.OOZ7TVP—LW/ 


.0012 WIDE FILAR LINES 
(DETECT .0002 MAX.) 


n jyp-Vuj 

...riV 
.I 


.0006 WIDE GiRADUATlON LINES 
(DEFECT .OOOI MAX.) 


-.050 TVP 


RET\CA-E., F\*ED 

e>\F\LKR. 


\~r^. 

i 413 2 I 0 


__ «_ 

037 
.0125 TV 


L .0125 T VP 
.0094 TYP 


—H — .0125 TVP 


—.0250 TVP 


90 O* t O’ 2* 


CURSOR, HORIZONTAL 

SCALE IO : I 


.000900 *.000040- 
TYP 


.00875Ot .000500 TYP 


-.000350 t . 000040 


-SEE NOTE IE 


SEE NOTE 10 


.00064 0 —*|4- 

-*»j |p- .001280 t.000060 

CLEAR INSIDE 


DETAIL -A 
SCALE 100-1 


LIST OF PARTS AND MATERIALS 


UNLESS OTHERWISE SPECIFIED MiUMHUI IRSTAUMEWT CORMRATjOR 

—" Q\ 3&49000 SO 


DO NOT SCALE THIS DRAWING | C hh 


SEE NOTE » 


z men 

AOTOCOLUV\^OR. 

SPEC\T\CKT\ON CONTRO- DV<Gi. 




E 1001X2 











































S3 BIX 
S1 RED 



P3 BLK 
P2YEL 
PI RED 


64 &Z 


BLU YEL 


SCHEMATIC (FACING SHAFT) 
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3 
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1 
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REQUIREMENTS'- 

1. GENERAL'. 

A. INTERPRET DRAWING IN ACCORDANCE WITH 
STANDARDS PRESCRIBED IN MIL-D-70327. 

B. SUPPLIERS SHALL CONFORM TO THE QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MIL-Q-9858. 

C. UNITS SHALL BE CAPABLE OF MEETING ALL ELECTRICAL 
AND MECHANICAL REQUIREMENTS OF ND PS1QIOMI AND 
ND1002013 EXCEPT AS NOTED IN THIS DRAWING. 

2. ACCEPTANCE AND INSPECTION: 

A. MECHANICAL PROPERTIES: 

(I) MARKING: PER MIL-STD-ISO. PARTS SHALL BE 
PERMANENTLY AND LEGIBLY MARKED WITH 
THE MFR’S NAME OR SYMBOL, TYPE OR PART 
NO. £ SERIAL Na NAME PLATE TO READ FROM 
LEAD END. 


{Z) LEADS SHALL E»E TYPE E-26 PER MIL-W-IG876 
CONSISTING OF 7 STRANDS OF N0.3G AWG WIRE, 
INSULATED WITH EXTRUDED TEFLON. LEADS SHALL BE 
COLOR CODED. 

(S) RUNOUT OF DIA “A" SHALL NOT EXCEED .0005 HR WHEN 
MEASURED WITH THE UNIT IN A VERTICAL POSITION 
SUPPORTED BY THE OUTPUT SHAFT. 

(4) RUNOUT OF DIA *B“ SHALL NOT EXCEED .OOOBT.I.R. 

WHEN MEASURED WITH THE UNIT IN A VERTICAL POSITION 
SUPPORTED BY THE RESOLVER CASE. 

(5) SHAFT END PLAY NOT TO EXCEED .002 UNDER & 0l±\0l. 
MEASURING GAU6E LOAD. 

(4) RADIAL PLAY OF SHAFT MEASURED AT POINT NOT MORE 
THAN .125 FROM FRONT FACE OF CASE SHALL NOT 
EXCEED .0007 T.I.R. UNDER BOZ.±I/LOI. REVERSING 
GAGE LOAD APPLIED NOT MORE THAN .25 INCHES 
FROM FRONT FACE OF CASE. 

FRICTION TORQUE: 15 GRAM-CM MAXIMUM AT 25®±5*C 
ELECTRICAL PROPERTIES •' 

PHASE EQUATIONS: 

E^i-si * K Ep|-P2> COS0 - KEps-p3 SIN0 
Es 2-54- = K Ep£-p3 COS 0 + KEpi-pj SIN0 
9 IS THE SHAFT ANGLE DEFINED POSITIVE FOR 
COUNTER-CLOCKWISE ROTATION FACING THE SHAFT. - 

3. DESIGN: I 

OPERATING TEMPERATURE RANGE: -55°C TO ■H25 0 C. _ 
FRICTION TORQUE: 15 GRAM-CM MAXIMUM AT25*±5°C. _ 
CASE AND SHAFT MATERIAL SHALL BE CRES PER QQ-S-743 - 
LUBRICATION: BEARINGS SHALL BE LUBRICATED WITH " 
LUBRICANT SPECIFIED IN ND 1002077,6£. F-50 SILICONE I 
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3 
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SYM ZONE 


REVISIONS I'rjfg , j »/>*/({ 
DESCRIPTION I dATE I APPROVAL 


WOT£V. 

I - eE.QUlR£MEKlTS: 

A' lKlT£R.PRtXP\M6» IU ACCORPAKiCE 

WITH BTDe? PKE5CE(BEP BY MlL-P-70327. 

B- Supplies bhalucoufogmtotwb 
QUALITY PI20C.Sam RE.QUIK.eM€k)T3 

COUTAIUEP HU MlL-GJ-^&^S 
1- IKlSPEdTiOKi AUD ACCEPTANCE: 

A-MECHANICAL CEQUVeeMENTB 
(l) DIMENSION'S PEe OUTLIVE 
CO LEAP DATA ; LEAPS BHALL 6>S S0LI>eeA8LE 
(3) MARKlklC?'- PER MlL-STp-\30 PARTS 
SHALL BE LESIBL\ / <S-PERMAK)EKJTLY 
MAI2K.EP VJITU the manufacturers 
KJAME OP SYMBOL TYPE UO, y 
RESISTANCE VALUE CTOLEEAkjCE. 

B-ELECTRICAL eEC^O^EMElOTS: I— 

(l) RESISTANCE VALUES: PER TABULATION 

(24 RESISTANCE TOLERANCES ± \% 

(3)fower. Patino: J^watt 
3-desicn eccpuipEiuieiNTs i 

(I) UNITS SHALL MEET THE APPLICABLE j= 

REQUIRE ME NTS OP MIL-R- IO&OS [_ .026 

*3TYl_E RU GO OHARACTERISTICS .014 

CAUDE VUITH THE EXCEPTIONS 
3P&CIFIEP HEREIN). 


A S6 ^evisep PeRECPi09A3<b fc3o]65 AC,^ 
TDRR NO. 10237 ShSlfoS A-iP 


LC25 
1.37 5 


1.62$ 

1-375 



.024 


ITEM QTY GOVERNMENT/NASA 

NO. REQD NO. 


KOLLSMAN PART NO. 


NOMENCLATURE OR 
DESCRIPTION 


MATERIAL I SPECIFICATION 


J_—__ LIST OF PARTS AND MATERIALS 

UNLESS OTHERWISE SPECIFIED I KOLLSMAN INSTRUMENT CORPORATION I 

—-----I ELMHURST _NEW YORK I 


DIMENSIONS ARE IN INCHES 
T FRACTIONS | DECIMALS | ANGLES 


™ 03?>3<o'i>00'Z>+S 


MANNED 

SPACECRAFT CENTER 

HOUSTON, TEXAS 


ON + <\_j + "V- + -Y_ _ TIT “ 

' bL,sci;. thisJ;..,, - Rector, fixed, film 

,ATERIAL APPROVAL ii4 W _ l-'V-t* l/£>W 


SEE DOTES 


NEXT ASSY USED ON CONTRACT 

APPLICATION 


approval JU ^ I - f T * <» . V — ^ 

APP.OVA. & w,? Mtr specification cohtirol prawiu^ 

flm .\ A ‘ CODE IDENT NO.I SIZE NASA NUMBER 

NASAAPPROVAtiLlmj^A’- 


I NASA APPROVAL _ 


IMIT APPROVAL 


fj mc t,: 


• SCALE MOKlC 


ioo nos 

i sheet * 


5 


3 
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CLI OO 









IOOI 











































































































































































































































VOO. 

RESISTANCE 

| PASH WO. 

RESISTANCE 


jm 

OHMS 

KB 


: OMMS . 

Z65 

Z. £6? 

1180 

331 

332 

2610 

26.1 

u>a 

1210 

333 

334 

2670 

IK— 

210 

1240 

335 

336 

2740 

211 

272 

ISBS 

337 

338 

2800 

215 

274 

1300 

339 

340 

2870 

215 

216 

1330 

341 

r 342 

2940 

277 

278 

1310 

343 

344 

3010 

279 

280 

1400 

345 

346 

3090 

28l 

282 

1430 

347 

348 

3160 

285 

284 

1470 

349 

390 

3240 

Z85 

286 

1500 

351 

352 

3320 

287 

zee 

1540 

353 

354 

3400 

289 

29 0 

1380 

355 

356 

3480 

291 

29Z 

1620 

357 

358 

3570 

293 

294 

1650 

359 

360 

3650 

295 

296 

' 1690 

361 

362 

3140 

297 

298 

1740 

363 

364 

3830 

299 

300 

1180 

365 

36>6 

3920 

301 

302 

1820 

367 

36 a 

4020 

303 

304 

1810 

369 

370 

41 2o 

505 

306 

1510 

371 

372 

4220 

307 

308 

I960 

313 

374 

4320 

309 

310 

2000 

315 

376 

4420 

3|| 

312 

2050 

311 

378 

4530 

Si 3 

ELII 

2100 

319 

380 

4640 

ESI 

316 

2150 

SSI 

382 

47 50 

911 

318 

2210 

383 

384 

4870 

519 

320 

2260 

r 385 

386 

4990 

321 

322 

2320 

387 

388 

5110 

323 

324 

2310 

389 

390 

5230 

3 25 

326 

2430 

391 

392 

5360 

327 

328 

2490 

393 

394 

5490 

3Z9 . 

330 

2550 

395 _ 

396 

5620 


the complete pa zr wo. is the puj6 ioo. 

PLUS THE APPLICABLE OASH 100. 
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DASM WO 


7 dash WO 

kesistawce 


saa 

iHqq 

CHARAC 

C. 

.teristic 

1 & 

OHMS 

397 

398 

5760 

46 3 


12,700 

399 

400 

5900 

465 

1WR 

iimo 

401 

402 

6040 

461 


I1PLT»V 

403 

4-04- 

6190 

469 


■EfEEH 

405 

406 

G340 

47 1 

09 


407 

4-os 


473 


IESS3I 

409 

410 

6650 

475 


lOQOi 

411 

412 

6810 

477 

liffa 


413 

414 

6980 

479 

480 

o 

o 

4 

u\ 

415 

416 

7150 

481 

IBM 

■—7— 

411 

418 

1320 

483 

IBM 

f 16.200 1 

419 

420 

1500 

485 



421 

422 

7680 

481 


r 16,900 

423 

424 

7870 

489 


■mi — 

425 

426 

8060 

491 


17, 800 

427 

428 

8250 

493 


18,200 

429 

430 

8450 

495 


18,100 ' 

431 

432 

8660 

491 

P 4-98 

19, 100 

433 

434 

8870 

499 

500 

19, 600 

435 

436 

90-90 

501 

502 

20.000 

437 

43S 

9310 

503 

504 


439 

440 

4530 

505 

5 06 

Bln^^Wl^KK 

441 

442 

9760 

507 

508 

21, 800 

443 

444 

IQOOO 

509 

510 

mi 

445 

446 

10,200 

511 

512 

■§**7—1 

447 

448 

10, 500 

513 

514 

23, 200 

[449 

450 

10,700 

ESI 

516 

23.100 

451 

452 

11, OOO 

517 

Ban 

Eft£333HI 

453 

454 

11,300 

519 

520 

—CSS—1 

455 


11, 500 

521 

522 

1—SI 

457 

45a 

11,800 

523 

524 

26, IOO 

459 

460 

12,100 

525 

526 

26,700 

461 

462 

12,400 

521 

528 

27,4 OO 
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| SYM 
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DESCRIPTION 

AVKJPI 

Esa 

r— ■v / v M -1 

APPROVAL 1 
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TO SHEET 1 

— 
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B 


NEXT ASSY 


USED ON 


applic ation 
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ITEM 

NO. 

QTY 

REQD 


go» ER nm E nt/na»* kolisman part mo COD E I 

NO - IDENT 1 

NOMENCLATURE OR 
DESCRIPTION 

MATERIAL 

SPECIFICATION U * ,T 
WT 



— 

LIST OF PARTS 

AND MATERIALS 




UNLESS OTHERWISE SPECIFIE D 

DIMENSIONS ARE IN INCHES 


FRACTIONS 


DO NOT SCALE THIS DRAWING 


MATERIAL 


CONTRACT 


ELMHURST 


033 8 680 054S 


DRAWN. Tlo m l i ir^ urr a- g- vt \ 


CHECKED | -1 - 6 S 


APPROVAL Jl 
APPROVAL. 






P 

NASA APPROVAL A 




MIT APPROVAL 


MANNED 
SPACECRAFT CENTER 

HOUSTON. TEXAS 


TITLE 


RESIST 0Z S FIXED FILM 


5PE0lPICATl0k) COUTgOL DgAuJlL)6> 


CODE IOENT NO.I SIZE 


NASA NUMBER 


iooiios 


SCALE UOkJt [WEIGHT 


CALC 

ACTUAL 


SHEET 


OF ^ 


3 


1 
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DASH kiO. 


28,700 


939 

536 

30, IOO 

537 

538 


639 

540 


541 

542 

32,400 

B9 

544 

3 3, 200 

545 

546 

34, OOO 

547 

548 

34,800 

549 

550 

35,700 

551 

552 

36, 500 

553 

554 

37,400 

555 

556 

38,300 

557 

5>5B 

39, 200 

55? 

56 O 

40,200 

561 

562 

QESSEBI 

563 

£64 

42, 200 

565 

566 

43, 200 

567 


44, 200 

569 

570 

45, 300 

571 

572 

46, 400 

573 

574 

Ul, 500 

575 

576 

EUESSH 

577 

r 578 


579 

580 

51, too 

581 

582 

52, 300 

585 

584 

53, 600 

585 

586 

54,900 

5 87 

588 

56,100 

589 

590 

57, 600 

59 1 

592 

59, OOO 


6Q 4QQ 


DASH DO 

CHA(?AC 

c 

T ERISTIC 

£ 

595 

596 

597 

598 

599 

6©C> 

£>OI 

602 

603 

604 

605 

606 

607 

coa 

609 

CIO 

EH 

612 

<613 

614 

Ha 

IHQI 

HEH 

618 

BH 

620 

621 

622 

623 

•624 

625 

626 

627 

6 28 

629 

6 30 

EQQH 

632 

635 

^6 34 

6 35 

6 36 

6 37 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

6 50 

651 

6 52 

Ce>£3 

6 54 

655 

656 

657 

658 


61,900 


65, lOO 


73.2.00 


1(0,300 


SO, 600 


88, 700 


9 3, IOO 


95, 300 


97, 600 


IOC> OOO 


102,000 


105, OOO 


107, OOO 


121,000 


127, OOO 


133,000 


Twe complete part do. isths pvuo ioa 
plus the applicable t>ash ho. 
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Ieoh smi 


REVISIONS f^a nr}J J/'i/t 


DESCRIPTION 

DATE 

APPROVAL 

REFER TO SHEET l 

- r- 


DASH MO. 



(fib>4r 

ligsjr-r.q 

665 

CpCp(p 

143,000 

667 

(p(pQ> 

147, OOO 


670 

I1ESE551 

671 

672 

154,000 1 

673 

674 


675 

676 

162,000 

677 

070 

165,000 

67 9 

680 

169,000 

681 

602 


6 83 

604 

IHEE23 

685 

6 86 

182,000 

667 

£ 

107,000 

689 


191,000 

691 

692 


693 

694 

I^EEI 

693 



697 

6 90 

210, OOO 

699 

700 

215,000 

lo\ 

702 

IES9EE3I 

703 

704 

226,000 

705 

706 

232,000 

707 

708 

237,000 

709 

710 

243,000 

711 

na 

249, OOO 

H3 

714 

255, OOO 

715 

«Mi 

261,000 

717 

na 

267,000 

n 

720 

274,000 

721 

722 

280,000 


287,000 


294,000 


DASH kJO. 


CHARACTERISTIC 
C_|_£_ 

727 

728 

729 

730 

7 31 

732 

7 33 

734 

735 

736 

137 

13B 

739 

740 

r74l 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 

7 57 

758 

759 

760 

761 

762 

763 

764 

765 

766 


RESISTANCE 

OHMS 


301,000 
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NOTES: 

1. GENERAL 

A. INTERPRET DWG PER MIL-D-70327. 

B. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 

MERITS COKJTAMO&D iVi M 

C. THESE 5EARIHGS SHALL BE IN ACCORDANCE WITH FEDERAL 
SPECIFICATION FF-B-lll, TYPE III, CLASS 3, GRADE 50 WITH THE 
FOLLOWING ADDITIONS AND EXCEPTIONS. IN CASE OF CONFLICT 
BETWEEN DOCUMENTS, THE FOLLOWING ORDER OF PRECEDENCE 
SHALL APPLY (l)THIS DRAWING, (2) REFERENCED MILITARY OR 
FEDERAL DOCUMENTS, (3) OTHER REFERENCED DOCUMENTS. 

2. INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 

1) CONSTRUCTION: AS ILLUSTRATED, A FLANGE SHALL BE PROVIDED 
ON THE OUTER RING. SHIELDS SHALL BE THE REMOVABLE TYPE. 

2) MATERIALS: BALL AND RINGS-440C CRES 

BALL RETAINERS -410 OR 430 CRES 

SHIELDS AND SNAP RINGS - 302 CRES OR 430 CRES 

3) HEAT TREATMENT: BALLS AND RINGS SHALL g>E HARDENED FULLY 
AND EVENLY SO THAT A MINIMUM READING OF ROCKWELL C57 IS 
OBTAINED WHEN TESTED IN ACCORDANCE WITH FED.-STD-I5I, 

METHOD 243. ALL PARTS SHALL BE DIMENSIONALLY STABLE UP 
TO 300°F. 

4) FINISH: PASSIVATE PER MIL-STD-mFiaSHMOtB 4.1 0£EQUAL THB DALLS 
AND RUNNING SURFACES OF RINGS SHALL BE GROUND AND 
POLISHED OR LAPPED AND SHALL BE ENTIRELY FREE OF TOOL, 
CHATTER, OR GRINDING MARKS., PITS OR RUST. SOFT SPOTS 

OR ANT OTHER IMPERFECTIONS VIEWED UNDER 10 * MAGNIFICATION. 

5) LUBRICATION: EACH BEARING SHALL BE LUBRICATED WITH 
ESSO BEACOkl 32S PER MIL-G-327B. 


4) TOLERANCES, DIMENSIONAL AND FIT: BEARINGS SHALL HAVE 
TOLERANCES EQUAL TO OR BETTER THAN THOSE LISTED IN TABLE I 
AND IMMEDIATELY BELOW. (EQUIVALENT TO ABEC-7 OR BETTER). 

THEY SHALL BE GRADED AND CODED IN ACCORDANCE WITH TABLE H. 

AND GAGED IN ACCORDANCE WITH AFBMA STANDARDS, 

SECTION 4. 

RADIAL RUNOUT, OUTER RING: 0.0002 MAX 
RADIAL RUNOUT, INNER RING: 0.0001 MAX 
RADIAL PLAY: FROM 0.0001 TO 0.0003 
SIDE RUNOUT, OUTER RING: 0.00015 MAX 
SIDE RUNOUT, INNER RING: 0.0001 MAX 
SIDE PARALLELISM, OUTER RING : 0.0001 MAX 
SIDE PARALLELISM, INNER RING- 0.0001 MAX 
GROOVE PARALLELISM, OUTER RING-0.0002 MAX 
GROOVE PARALLELISM, INNER RING: 0.0001 MAX 
7) MAGNETISM: ALL. BEARINGS SHALL BE DEMAGNETIZED 
PRIOR TO PRESERVATION. 

5) TORQUE: SHALL BE TESTED IN ACCORDANCE WITH MIL-STD-204A 

9) MARKING- ALL BEARINGS WMICW HAVE SUFFICIENT SPACE SHALL B& 
PEeMADEMTLYAND LEGI6LY MARXCD WITH MF6SNAME, SYMBOL, OR 

IDENTIFICATION AS SHOWN IN TABLE I. BEARINGS HAVING A BORE 
GREATER THAN .125 SHALL ALSO HAVE THE PART NUMBER. 

BEARING PACKAGES SHALL BE MARKED EXTERNALLY WITH 
MANUFACTURER’S NAME OR SYMBOL, PART NUMBER AND 
DESCRIPTION, DATE OF PACKAGING (OR LUBRICATION IF MORE THAN 
5 DAYS PREVIOUS), NASA PART NUMBER, AND GRADE CODE 
NUMBER AS SPECIFIED IN TABLE E. SHIPPING CONTAINERS SHALL 
BE MARKED WITH QUANTITY OF PARTS, MANUFACTURER’S NAME, 

NASA PART NUMBER AND PURCHASE ORDER NUMBER. 

10) MANUFACTURER’S PART NUMBERS IN TABLE I ALTERED PER 
NOTES 2A.5. 2.A.9 AND SELECTED PER NOTE 2A.G. 

ORIGINAL SOORCF OF SUPPLY: 

BARDEN CORP ) DANBURY, CONN. CODE 1PENT NO. 708 54 
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NOTES! 

1 GENERAL 

A. INTERPRET DWG PER MIL-D-70527. 

8. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTMwl£P IN MIL-R-9&90 
C THESE BEARINGS SHALL BE IN ACCORDANCE WITH FEDERAL 
SPECIFICATION FF-B-I7I, TYPE III, CLASS 5, GRADE 50 WITH THE 
FOLLOWING ADDITIONS AND EXCEPTIONS. IN CASE OF CONFLICT 
BETWEEN DOCUMENTS, THE FOLLOWING ORDER OF PRECEDENCE 
SHALL APPLY (I) THIS DRAWING, (2) REFERENCED MILITARY OR 
FEDERAL DOCUMENTS, (5) OTHER REFERENCED DOCUMENTS. 

Z. INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 

I) CONSTRUCTION: AS ILLUSTRATED, A FLANGE SHALL BE PROVIDED 
ON THE OUTER RING. SHIELDS SHALL BE THE REMOVABLE TYPE. 

.2) MATERIALS: BALL AND RINGS -440C CRES 

BALL RETAINERS -410 OR 450 CRES 
SHIELDS AND SNAP RINGS - iot CRES OR 450 CRES 
5) HEAT TREATMENT: BALLS AND RINGS SHALL BE HARDENED FULLY 
AND EVENLY SO THAT A MINIMUM READING OF ROCKWELL C57 IS 
OBTAINED WHEN TESTED NA ACCORDANCE WITH FED-STD-ISI, 

METHOD 245. ALL PARTS SHALL BE DIMENSIONALLY STABLE UP 
TO 300*F. 

4) FINISH: PASSIVATE PER MIL-STO-171FMWNOB .41 Og EQUAL THE BALLS 
AND RUNNING SURFACES OF RINGS SHALL BE GROUND AND 
POLISHED OR LAPPED AND SHALL BE ENTIRELY FREE OF TOOL, 
CHATTER, OR GRINDING MARKS, PITS OR RUST, SOFT SPOTS 

OR ANY OTHER IMPERFECTIONS VIEWED UNDER 10* MAGNIFICATION. 

5) LUBRICATION: EACH BEARING SHALL BE LUBRICATED WITH 
ESSO BEACOH 325 PER MIL-G-327S. 


(,) TOLERANCES, DIMENSIONAL AND FIT: BEARINGS SHALL HAVE 

TOLERANCES EQUAL TO OR BETTER THAN THOSE LISTED IN TABLE I 
AND IMMEDIATELY BELOW. (EQUIVALENT TO ABEC-7 OR BETTER). 

THEY SHALL BE GRADED AND CODED IN ACCORDANCE WITH TABLE II. 

AND GAGED IN ACCORDANCE WITH AFBMA STANDARDS, ' 

SECTION ♦. 

RADIAL RUNOUT, OUTER RING: 0.0002 MAX » 

. RADIAL RUNOUT, INNER RING: 0.0001 MAX 
RADIAL PLAY: FROM 0.0001 TO 0.0003 
r SIDE RUNOUT, OUTER RING: 0.00015 MAX 
SIDE RUNOUT, INNER RING: 0.0001 MAX 
SIDE PARALLELISM, OUTER RING: 0.0001 MAX 
SIDE PARALLELISM, INNER RING: 0.0001 MAX 
GROOVE PARALLELISM, OUTER RING-00002 MAX 
GROOVE PARALLELISM, INNER RIN6: 0.0001 MAX 
7) .AGNETISM: ALL BEARINGS SHALL BE DEMAGNETIZED 
>!0R TO PRESERVATION. 

6) TORQUE: SHALL BE TESTED IN ACCORDANCE WITH MIL-STD-20GA 

9) MARKING: ALL BEARINGS WHICH HAVE SUFFICIENT SPACE SHALL B& 
PERMANENTLY AND LEGIBLY MAKKCD WITH MF&NAME, SYMBOL, OR ( 

IDENTIFICATION AS SHOWN IN TABLE I. BEARINGS HAVING A BORE 
GREATER THAN .125 SHALL ALSO HAVE THE PART NUMBER. 

BEARING PACKAGES SHALL BE MARKED EXTERNALLY WITH 
MANUFACTURER’S NAME OR SYMBOL, PART NUMBER AND 
DESCRIPTION, DATE OF PACKAGING (OR LUBRICATION IF MORE THAN 
5 DAYS PREVIOUS), NASA PART NUMBER, AND GRADE CODE 
NUMBER AS SPECIFIED IN TABLE I. SHIPPING CONTAINERS SHAU 
, BE MARKED WITH QUANTITY OF PARTS, MANUFACTURER’S NAME, 

NASA PART NUMBER AND PURCHASE ORDER NUMBER. 

10) MANUFACTURER’S PART NUMBERS IN TABLE I ALTERED PER 
NOTES 2A.5, 2A.9 AND SELECTED PER NOTE 2A.S. 

ORIGINAL SOURCE OF SUPPLY: 

6ARDEN CORP, DANBURY, CONN. COPE IPENT NO. T0854 
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REQUIREMENTS'- 
I. GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED IN M1L-D-TOS27. 


6. SUPPLIERS SHALL CONFORM TO THE QUALITY f'eoUZMA 
R&auieeMBKYTS couTAiioec» iLi mil-q-^&ss 
2. INSPECTION and ACCEPTANCE: 

A. MECHANICAL: 

I) DIMENSIONS: PER TABLE X AND OUTLINE 
t) LEAD DATA: LEADS SHALL BE 60LDERABLE. 

3) marking: per mil-std-iso, part© shall e>e 

PERMANENTLY AND LE6IBLY MARKED WITH THE MFR’S 
NAME OR SYMBOL, TYPE NUMBER, OPACfTAWCeVALUE 
AND TOLERANCE. VOLTAGE RATING.- 

B. ELECTRICAL: 

I) CAPACITANCE, WORKING: VOLTAGE AND TOLERANCE: 

PER TABLE I. 

3. PCSIGU PEC^UlREMCWiTS'. 

A UUWS SHALL. MEET THE PEG?UlKEMELirS Of MIL-C-ltm., 
OPERATING TEMPEPATUee Cy, EXCEPT AS> AUT> HO 
ADOlTtOU TO THE eE(9L)IREMELJTSe.PEClFieD HERIM 
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Requirements: 

I- GENERAL - . 

A) INTEAPPET DRAWING SYMBOL* ABBREVIATIONS AND REFERENCE 
DESIGNATIONS ttJ ACCORDANCE WITH GiO VERM ENT STANDARDS 
PRESCRIBED IN MIL-D' 10327. 

B - ) SUP 3 UER SHALL CONFORM TO THE QUALITY FVOGJ?AM 
eeQJIREMeUTS CCUTAIWSO IW MIL-Q-9a.5a 

? INSPECTION AND ACCEPTANCE: 

AT MECHANICAL REQUIREMENTS*. 

LEAD data: leads shall be solderable. 

<Z) MARKING*. PER MIL- STD- I 30 ,PART'S SHALL BE PEPMAUeUILY 
AND LEGlBlYMAEXEP WITH THt MFG 1 * NAME OR SYMBOL, 

TYPE NO. AND DWG WO. WHICH SHALL CONSIST OF 
-AT LEAST THE LAST THREE DIGITS. 

C3) MECHANICAL DIMENSIONS PER OUTLINE SHOWN. 

$ ELECTRICAL REQUIREMENTS*. 

1(0 ELECTRICAL CHARACTERISTICS: PER TABLE 01. 

(2) ELECTRICAL RATING: PER TABLE X. 

(3) STATIC FOWARD CURRENT TRANSFER RATIO (hFE) 

(4) COLLECTOR CUTOFF CURRENT OCBO) AT Tc .|00°C. 

(5) COLLECTOR SATURATION VOLTAGE (VCE(SAT))AT t C« 2S* C. 

(& SWITCH BAClC VOLTAGE (Lv CEO). 

3-DESIGN REQUIREMENTS*. 

A - ) STORAGE temperature :-6S*C to ♦ zoo*c. 

BT ELECTRICAL SPECIFICATIONS*. PER TABLE H. 

O POWER dissipation: 

(rt AT 25“c CASE TEMPERATURE: 1.2 WATTS MAX. 

; (a) THERMAL RESISTANCE (®JC.) : 145* C/WATT MAX. 

(21 AT 2St AMBIENT TEMPERATURE : 360 MILLIWATTS MAX. 

(a) THERMAL RESISTANCE (®JC): 48S*C/WATT MAX. 



.1901 .OZC 

1 
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NOTES: 

1. GENERAL 

A. INTERPRET DW6 PER MIL-D-70327 
E>. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MlL-Q-9856 

2. INSPECTION AND ACCEPTANCE 

A. MECHANICAL REQUIREMENTS 

(1) Dimensions per outline 

U) MARKINS: PER MIL-STD-ISO. PARTS SHALL BE 
PERMANENTLY AND LEGIBLY MARRED WITH THE 
MANUFACTURERS NAME OR SYMBOL TERMINAL 
DESIGNATIONS AND MANUFACTURERS PART NO. 

(5)MATERIAL: CONTACTS. PHOSPHOR BRONZE, GOLD 
PLATED PER MIL-G-45204-, TYPE JI, CLASS £ 

OVER COPPER FLASH. 

GUIDE PINS, BRASS WITH GOLD IRIDITE FINISH OVER 
CAD. PLATE. 

MOUNTING STUD; BRASS, NICKEL PLATE 
&ODY; GLASS FILLED DIALLYL PHTHALATE F»ER 
MIL-M-n&BB, TYPE GDI-SO 
&. ELECTRICAL REQUIREMENTS 

(0 CURRENT RATING. 7.5 AMPERES 

(2) VOLTAGE BREAKDOWN, 

CONTACT TO CONTACT AT SEA LEVEL- £500 VRMS MIN. 
CONTACT TO GROUND AT SEA LEVEL* 2500 VRMS MlM. 

3. DESI6N REQUIREMENTS: 

A. CREEPAGE BETWEEN CONTACTS. .125 MINI. 

&. airspace between contacts' min.(aJ) 

C. POLARIZATION. GUIDE PINS AND CONTACT ARRANGEMENT 

D. TEMPERATURE RANGE, -feS'C-TO +*IZ5*C 

E. UNIT SHALL BE CAPABLE OF MEETING APPLICABLE 
REQUIREMENTS OF MIL-C-6564-. 
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NOTES’. 

1. GENERAL 

A. INTERPRET DWG PER MIL-D-70327 
E>. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MIL-Q-^SSB 

2. INSPECTION AND ACCEPTANCE 

A. MECHANICAL. REQUIREMENTS 
(I) DIMENSIONS PER OUTLINE 

U) MARKINS: PER MIL-6TD-IB0. PARTS SHALL BE 
PERMANENTLY AND LE6IBLY MARKED WITH THE 
MANUFACTURERS NAME OR SYMBOL TERMINAL 
DESIGNATIONS AND MANUFACTURERS PART NO. 

Immaterial: contacts, phosphor bronze, gold 

PLATED PER MIL-G-AG 2.0-4, TYPE IT, CLASS £ 

OVER COPPEI? FLASH. 

GUIDE PINS, BRASS WITH GOLD IRIDITE FINISH OVER 
CAD. PLATE. 

MOUNTING GTUD, BRASS, NICKEL PLATE 
BODY. GLASS FILLED DIALLYL PHTHALATE PER 
MIL-M-nSSB, TYPE GDI-BO 

B. ELECTRICAL REQUIREMENTS’- 

(1) CURRENT RATING, 7.5 AMPERES 

(2) VOLTAGE &REAKDOWN, 

CONTACT TO CONTACT AT SEA LEVEL* 2500 VRMS MlM- 
■ -CONTACT TO GROUND AT SEA LEVEL* 2500 VRMS MlM. 

3. DESI6N REQUIREMENTS: 

A. CREEPAGE BETWEEN CONTACTS. .I£5 MlM. 
b. AIRSPACE BETWEEN CONTACTS, .OCO MIN. 

C. POLARIZATION, GUIDE PINS AND CONTACT ARRANGEMENT 

D. TEMPERATURE RANGE, -G5°CTT> YIZ-5°C 

E. UNIT SHALL BE CAPABLE OF MEETING APPLICABLE 
REQUIREMENTS OF MIL-C-8BSA-. 
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NOTES: 

L GENERAL 

A. INTERPRET DWG PER MIL-D-70527 
e>. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MIL-Q-9858 
2. INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 
(I) DIMENSIONS PER OUTLINE 
U) MARKING: PER MIL-STD-150 

farts Shall be permanently and legibly 

MARKED WITH THE MANUFACTURERS NAME OR STMSou 

TgRi/lvJM- DESIGNATIONS AND MAVAJPACTUeSRS PART NO 
(5) MATERIAL: 

CONTACTS: PHOSPHOR BRONZE GOLD PLATED 
PER MIL-G-45ZOA TYPE I CLASS 2. OVER 
COPPER FLASH. 

© GUIDE S«C«15i BRASS, GOLD IRRIDITE FINISH 
OYER CAD. PLATE 

BODY: GLASS FILLED DlALLYL PHTHALATE PER 
M1L-M-I96SS TYPE GDI-SO 
B. ELECTRICAL REQUIREMENTS: 

(O CURRENT RATING: 7.5 AMPERES 
(1) VOLTAGE BREAKDOWN: 

CONTACT TO CONTACT AT SEA LEVEL* 2500 VRM S 
CONTACT TO GROUND AT SEA LEVEL-2500 VRMS 
1. DESIGN REQUIREMENTS: 

A. TEMPERATURE RANGE. - fc^'C TO +■ I25°C 
B. CREEPAGE BETWEEN CONTACTS 1/8 IN. MIN. ^ 

C. AIR SPACE BETWEEN CONTACTS £ A+ IN. MIN.Ci?) 

D. POLARIZATION GUIDE PINS AND CONTACT ARRANGEMENT 
E. UNIT SHALL BE CAPABLE OF MEETING APPLICABLE 
REQUIREMENTS OF MIL-C-8584- 
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NOTES: 

I. GENERAL 

A. INTERPRET DWG PER MIL-D-70327 
6. SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MIL-Q-9858 
Z. INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 
(I) DIMENSIONS PER OUTLINE 
Cl) MARKING: PER MIL-6TD-130 

FARTS SHALL BE PERMANENTLY AND LEGI&LY 

MARKED WITH THE MANUFACTURERS NAME OR S'fM&ou 

Teev/ltOKL DESIGNATIONS AND MAWUFACTUR.CRS PART NO. 

(3) MATERIAL: _ 

CONTACTS: PHOSPHOR BRONZE GOLD PLATED 
PER MIL-G-45Z04- TYPE I CLASS 2 OVER 
COPPER FLASH. 

GUIDE PINS: BRASS, GOLD IRRIDITE FINISH 
OVER CAD. PLATE 

MOUNTING STUD: BRASS, NICKEL PLATE 
BODY: GLASS FILLED PIALLYL PHTHALATE PER 
MIL-M-I9SS3 TYPE GDI-SO 

B. ELECTRICAL REQUIREMENTS: 

01 CURRENT RATING: 7.5 AMPERES 
(Z) VOLTAGE BREAKDOWN: 

CONTACT TO CONTACT AT SEA LEVEL" 2500 VRM S 
CONTACT TO GROUND AT SEA LEVEL-2500 VRMS 
3. DESIGN REQUIREMENTS: 

A. TEMPERATURE RANGE.- TO + l£5 # C 

B CREEPAGE BETWEEN CONTACTS »/8 IN. MIN. 

C. AIR SPACE BETWEEN CONTACTS l/lfe IN. MIN. 

D. POLARIZATION GUIDE PINS AND CONTACT ARRANGEMENT 

E. UNIT SHALL BE CAPABLE OF MEETING APPLICABLE 
REQUIREMENTS OF MIL-C-8384- 
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REQUIREMENTS: 

1. GENERAL. 

A. INTERPRET DWG PER MIL-D*T02>£7. 
g>. SUPPLIERS SHALL CONFORM TO QUALITY 
PROGRAM REQUIREMENTS A6 CONTAINED 
IN MIL-Q-4856. 

C. UNIT SHALL BE CAPABLE OF MEETING THE 
APPLICABLE REQUIREMENTS OF MIL-6-3786 AND 
THE ADDITIONS AND EXCEPTIONS SPECIFIED 
HEREIN. 

2. INSPECTION ANP ACCEPTANCE 

A. MECHANICAL REQUIREMENTS: 

1. DIMENSIONS 

e>. ELECTRICAL REQUIREMENTS: 

|. CURRENT RATING-BREAKING- l AMPERE 
AT 115 VOLTS RMS GO CYCLES, RFSISTIVE 
LOAD. 

2. CURRENT RATIN6, CONTINUOUS (HO BREAKING) 

10 AMPERES RMS MAX. 

5. CONTACT RESISTANCE-.OO4jvN0MINAL.I0aMAX 
INITIAL AT IOO MHUAMPERES WHEN POTENTIAL 
OF 2 V0LT6 DC IS APPLIED THR0U6H A SUITABLE -i 
DR0PPIN6 RESISTOR. 

4. CAPACITANCE: CONTACT-CONTACT, CONTACT SUP RING 
2.5 PICO FARADS TOTALS 

5. DIELECTRIC STRENGTH-THE SPECIFIED POTENTIAL AT 1.7! 

CO CYCLES FOR I MINUTE SHALL BE APPLIED BETWEEN TY 
ALL CURRENT CARRYIN6 PARTS AND THE METAL 
PANEL AND SHAFT. 

(1) SEA LEVEL: IOOOVOLT5 RMS 

(2) 70,000 FEET: 450 VOLTS RMS 

6. INSULATION RESISTANCE: 10,000 ME60HMS MIM 

AT 100 VOLTS DC SHALL BE APPLIED AS 
SPECIFIED IN DIELECTRIC STRENGTH. I 

C. CONSTRUCTION 

1. SWITCH: SHALL BE SO DEGREES INDEX, < 

NON-SHORTING. SWITCH WITH THE ADJUSTABLE STOP. ‘ 

2. TERMINAL BOARD: EPOXY RESIN, PAPER BASE 
PER MIL-P-22B24- TYPE PEE. 

3. PANEL: ALUMINUM ALLOY PER QQ-A-355C, 
TEMPER T3 ANODIZED PER MIL-A- 8625, TYPE L 

4. WIPER BLADES: SHALL BE MULTILEAF TYPE. 

5. CONTACT AREAS'- SHALL BE TREATED WITH HIGH 
MOLE ESTER LUBRICANT. 

6. TERMINALS: SILVER ALLOY (40% SILVER, 10%COPPER) 
GOLD FLASHED. 

0) PULL FIVE (5) POUND AXIAL PULL WITHOUT 
5HjQ£K FOR 10 SECONDS. _ 

(2) TERMINALS SHALL ACCOMODATE TWO NO. 10 AWG 
STRANDED CONDUCTORS. 

D. MARKING: EACH UNIT SHALL BE MARKED PER MIL-STD-1 BO 
WITH THE MANUFACTURER’S NAME AND/OR SYMBOL 
AND PART NUMBER- 

VENDOR: DAVEN, 

LIVINGSTON, NEW JERSEY 
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REQUIREMENTS: 

I. GENERAL*. 

A. interpret DRAWING PER MIL-D-703E7 . 
ri.SUPPLIER SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS CONTAINED IN MIL-Q-38S8. 

Z. INSPECTION AND ACCEPTANCE 

A. MECHANICAL REQUIREMENTS : 

I. DIMENSIONS 

B. OPTICAL REQUIREMENTS : # 

I.REFLECTIVITV OP MIRROR TO BE BZ Vm MIN AT 54G1 A WAVELENGTH PER MIL-M-13500. 
3.DESIGN REQUIREMENTS: 

A. MATERIALS: 

I. HOUSING i AL ALY GOGI-TG PER QQ-A-t50/ll 
&. MIRROR .* PYREX FRONT SURFACE ONLY 
3. ADJUSTABLE SCREW: CRE3 17-4. 

B. FINISH’. 

1. HOUSING : GREY ENAMEL PAINT PER NO 1002038/ PARA 3-1.3 -- 

2. MIRROR*. SILICON MONOXIDE COATING PER MIL- M- 13500. 

3. ADJUSTABLE SCREW: PASSIVATE PER MIL-STD- 17FINISH NO. 0.4 A 
4.1/ENDOR TO SUPPLY HARD WOODEN CASE WITH EACH UNIT. 
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REQUIREMENTS • 

S. GENERAL*. 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRECRlBCD 
IN M1L-D-703ZT. 

B. SUPPLIERS SHALL CONFORM TO QUAUTY PROGRAM 
REQUIREMENTS AS CONTAINED \U M\L-Q-^85a. 

2. INSPECTION AND ACCEPTANCE: 

A. MARKING 

to) PACKAGE- INTERNAL INDIVIDUAL OR COLLECTIVE PACKAGES* 
AND EXTERNAL PACKAGING SHALL BE MARKED WITH THE 
FOLLOWING INFORMATION: NASA DRAWING NO., REVISION LETTER 
AND MANUFACTURER'S SYMBOL PER MlL-STD-150 
(2> MANUFACTURER’S PART NO. MAY APPEAR ON THE PART OR 
PACKAGE. 

B. DIMENSIONS. PER OUTLINE 


3.DESIGN REQUIREMENTS: 

A. MATERIAL: CARBON STEEL PER MIL-S-I781S-HEAT TREATED 
TO 15 N 60- 83 

B. FINISH: CADMIUM PLATE PER QQ-P-4IS, CLASS ZjTYPETE, 


NOTES: 

1. ALL DIMENSIONS SHOWN ARE WITH COMPONENT IN PLACE AND 
CLIP SECURELY MOUNTED TO CHASSVS. 

2. UNLESS OTHERWISE SPECIFIED STANDARD SLOT WIDTHS ARE 
.051 ±.OIO WITH UNIFORM SPACINQ. 
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eEQuieeMEMTs,*. 
t- £.ekJ£pal: 

A>-IKJTB1?P(?E.T Dw^r PEP Ml L-P-70327 
B-THEr SUPPLIED S>HAU_ COUFOE.M TO 

THE QUALITY PK06*?AM REQUIKEMEUTS AS 
COWyTAIkiErP IKl MIL-q-9S.ES 
2- IKJSPeCTlOKi AMD ACCEPTANCE! 

A-MECHANICAL REQUIREMENTS'* 

0\ DIMENSIONS! AS PEe OUTLIKJE 

(2) LEAD DATA! LEAPS SHALL BE SOLDEfcABLE 
fc> MAPW^lNC! PEE MIL-S?TI>-I^O 
PARTS SHALL S-E CEGHBLY AUD 
PERMANENTLY MARlCED WITH THE 
MANUFACTURERS UAMB OE SYMBOL., 
TYPE NO. 

B- ELECTRICAL REQUIREMENTS! 

(0 DES\ON VOLTS! S.5 

6-) APPeOK. CANDLEPOWEE! 80 

(S) WATTS! (SEE CHART') 

£-) AV^ L*B LIFE AT DESIGN VOLTS! 50 
(5) PILAMEKJT; C-6» 

2>- DESIGN REQUIREMENTS! 

(1) e>Ul_Bt “T-3 QUARTZ, IODINE FILLED- 

(2) base: special wire TERMINAL 

(3) LIOHT CENTER LENGTH! 2 &<?±. 0[0 
4- PURCHASE peOM! 

GENERAL ELECTRIC 
AS LAMP, MINIATURE 
6<E NO. 196.2. 
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REQUIREMENTS: 
l. GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE. WITH STANDARDS PRESCRIBED 
ST MlL-D-70327. 

b. SUPPLIER SHALL CONFORM TO QUAUTY PROGRAM REQUIREMENTS AS 
CONTAINED IN MIL-Q-385e>. 

C. UNITS SHALL BE CAPABLE OF MEETING ALL APPLICABLE REQUIREMENTS 
OF MlL-C-26482. 

D. CRIMP CONTACTS SHALL BE PER 10017*30 SEC TABLE 


2. INSPECTION AND ACCEPTANCE : 

A. MECHANICAL REQUIREMENTS • 

(I) MATERIAL*. 

(a) SHELL-ALUMINUM ALLOY AS REQUIRED PER MIL-C-2G4Q3. 

(b) INSERT '- SOLID DIELECTRIC PER MIL-M-14, TYPE. MFH PLUS 

SILICONE RUBBER GROMMET.PER Mll.e-saAT 
(C) GASKETS’. SILICONE RUBBER PE* MIL-R-S84T 
(Z) DIMENSIONS: PFR DRAWING 

(3) INSULATION RESISTANCE: 100,000 MEGOHMS AT 25°C, 500 VDG 

5,000 MEGOHMS AT l25°C,50OYDC 

(4) FINISH "• SHELL*, CADMIUM PLATE. PER 4\<o pTi PEJl / OL.A 

(5) MARKING - PARTS SHALL BE PERMANENTLY AND LFQIBLY MARKED 
WITH MANUFACTURER'S NAME AND PART NUMBER, NASA DRAWING 
NUMBER, DASH NUMBER AND REVISION LETTER PER MIL-STD-130. 

(fc) MATES WITH D*)G. NO. 1001879 
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3.DESIGN REQUIREMENTS: 

A. ELECTRICAL REQUIREMENTS *• 

(I) CONTACT CURRENT RATING*- S AMPERES 

iZ) VOLTAGE RATING: 250 VOLTS RMS OR 350 VDC . 

(3) WITHSTANDING VOLTAGE*. 375 V RMS AT 70,000 FT. 1500 V RMS 
AT SEA LEVEL. 

(4) CONTACT RESISTANCE: T MILLIVOLTS AT SAMPS. 

(5) OPERATING TEMPERATURE•* -M25° C. 

B. MECHANICAL REQUIREMENTS; 

(0 COUPLING MECHANISM. PUSH PULL QUICK DISCONNECT. 

(83 MAX. ENGAGEMENT FORCE: MIN DISENGAGEMENT FORCE. 

(WITH CONTACTS). PER TABLE. 

(3) CONTACT RETENTION: 50 LBS MIN, BOTH DIRECTIONS. 

(4) ALTITUDE IMMERSION: PER MIL-C-8G50O. 

C. CONTACTS MU<5>T SUPPLIED WITH connector 

SHELL 

D. 6A.CH COMVJ6CTOR WILL BE SUPPLIED WITH DviMkAY 
PLUGS Foe UVJUSEO COwTACTS AT THE eAT€ OF Solo 
OF THE UO. OF CONTACTS (SEE TABULATION!) 

E. CONTACTS WILL CRIMP NO £4 AWG THRU NO *20 AWG WIRE 

NOTES*. 

I. FOR STRAIN RELIEF CLAMP SEE DRAWING I00I7B3 
2 SPECIAL TOOLING REQUIRED FOR INSERTION AND REMOVAL 
OF CONTACTS. 

3. ALTERNATE POSITIONS; THE INSERT, AS SHOWN, IS ROTATED 
<x. DEGREES RELATIVE TO THE <t OF THE MASTER KEY AB 
INDICATED. THIS ALTERATION SHALL NOT BE ACCOMPLISHED 
BY USER. 
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£LQlE£j- 

1- ^ENER#^: 

INTERPRET tW<3| PER MIL-D-10BZ1 
B. SUPPLIERS SHkLL CONFORM TO QUfcUTY PROQRM4 
R,£QO\ReMENTS AS CONTANNED »N MIU-Q-S85B 

2- \NSPECT»ON AND ACCEPTANCE : 

A. MECHANICAL. RETIREMENTSt 
0) DIMENSIONS'* AS PER OUTLINE 

(2^ HARK\NG»: PARTS SHfeLL EE LEQBLY AND PERMANENTLY 
MARKED WITH THE MANUFACTURERS NAME OR SYMBOL % 

per mil-std-tso. 

B-DESIQN REQUIREMENTSV _ 

A. MATERIALSPUEKXQLASS PACE (MIL-P-SATS^> NEOPRENE 
**0'“RlNQ CMS-2.q5TB-l4B'\ , BRASS CASE (QQ-B-C»Sfe COMP E*2.) 

B. FINISH *. CA^>E CAD PLATE (QQ-P- 

C. TRlTUM ACTUATED LIQHT SOURCE US\NQ SYLVAN IA PHOSPHOR 

NO. HO BLUE. TIGHT SEAL BETWEEN PLASTIC 
COVER ANO CASE. AEC LICENCE NO.SI- 4“7<V-\ 

o.l\<*ht source packed \n urethane foam. 

e! UNIT to BE CALIBRATED IN CANDLES / FT* BY THE 
US. BUREAU OF STANDARDS 

F. LUMINOUS DVAMSTCS TO BE . v mwlmyNSSS 

S.LNCNT SOURC1. TO BE M A NO FACTO ABO TO N\M4. BR\AV\TNESS 

POSSIBLE. 
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REQUIREMENTS V 

1. GENERAL- 

A. INTERPRET DWG PER MIL-D-70327. 

B. SUPPLIERS SHALL CONFORM TO QUALITY 
PROGRAM REQUIREMENTS AS CONTAINED 

. - -IN MIL-Q-8BS8. 

2. INSPECTION AND ACCEPTANCE: 

— A. MECHANICAL: 

- L DIMENSIONS-PER OUTLINE. 

2. MARKINGi PER MlL-STD-130; MARK PERMANENTLY 
AND LEGIBLY WITH MANUFACTURERS NAME OR 
:: _ SYMBOL AND PART NO. 

B. ELECTRICAL: 

INPUT VOLTAGE (RANGE): |OB TO US VOLTS 
= --~ INPUT FREQUENCY (RANGE): SO- 4-00 CYCLES 
OUTPUT VOLTAGE: <3.80 VOLTS _ . _ 

I OUTPUT CORReWT? STS MILLIAMPS . 

regulation*. l.OS % 

RIPP'E*. LESS THAN 0.001% OR I MV RMS, 
WHICHEVER \S GREATER. 

POLARITY* POSITIVE OR NEGATIVE- 
OUT ROT ADJUSTMENT RANGE ! T \0% 

3. DESIGN*. TO MIL-T-21200. 

TEMPERATURE RANGE I -SS°C TO TSS°C. 

► STORAGE RANGE: -62°C TO-HOO*C. 
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A. INTERPRET DRAWING PER. MIL-D "70317. 

B -SUPPLIER ShKLt CONFORM TO QOALYTY PROGRAM 

REQUIREMENTS AS COKTMUE\> \N MVL-C^-9656. 

1 INSPECTION A.ND ACCEPTANCE.. 

A. MECH ANI CAL R EG*L>\R.eMENTS. 

1. DIMENSYOHS! PEJR OOTUUE. 

2. SHELL! ALUMINUM ALLOY AS CEQLfeCD PER YML-0-16461. 

3. insert; solid dialectic pe^. m\l-va-\4 

TYPE MFH PLUS FUIOED SILICONE. RUBBER. SfcOMMEX. 

4. FINISH*. SHELL,CA$>M\UM PLATC PEE QQ-fL 4l6 TYPETX CLASS A 

s. VAAEVCIUG : PEBMVL-S»TD-\30. 

PA5RTS SHALL BE PEEMANEUTLf AND LEGIBLE MAILED 
YIVTH THE MANUFACTURERS NAME OR, SYMBOL, NAS A DWG NO., 

PASH NO, AND e.eYt£AON LtTTCE, 

c» MATES WITH Dvjft KIO ioon^7 

B. ELECTS \ CAL 

1. CURRENT RAnUCsS: 3 AMPE.EE.S, 

2. VOLTAGE RATING, : ISO VOLTS CMS OR 5SOVPC. 

3. TEST YOLTACaE : 375 V R.VAS 0 70,000 FT 

1500 V RMS (7 SEA LEVEL. 

4. IHSULATVON RESISTANCE lO 0,000 MEG OHMS AT 23*0,500 VDC 

SpoO VAES OMVAS AT »1VC, SOO VDC. 

5. CONTACT RESISTANCE* 7 MVLLWOuTS ACT 3 AMPERES, 

3. PESIGN 

A. UNITS SHALL BE CAPABLE OF MEETING ALL APPLICABLE 

requirements or m\l- c-16461. 

B>. COUPLING MECHANISM*. PUSH-PULL Q.UICL DISCONNECT. 

C. CONTACT RETENTONi 50 LBS MIN BOTH DIRECTIONS. 

D. ALTERNATE INSERT POS\T\OKS ARE TO BE PROVIDED AS SHOWN. 

THE INSERT IS rotated W- degrees EEJUATVV/E TO THE 
CENTRE OP THE MASTER RRYi PINS CCW ; SOCLETS CVs]. 

E. CONTACTS MOST BE. SUPRLIECD WITH CONNECTOR SHELLS 
, F. EACH COMWffCTO? WILL BE SUPPLED WITH DUMMY PLU65 FOR 

UNUSED CONTACTS AT The CATS OF 20% OF THE NO. OF CONTACTS 
C&EE TABULATION*) 

S. CONTACTS WILL CEIMP NO 24 AWS THRU NO. **0 AWG VOieH 
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NOTES: 

I. GENERAL: 

A. INTERPRET DWG PER MIL-D-703Z7. 

B. SUPPLIERS ’SHALL CONFORM TO QUALITY 
PROGRAM REQUIREMENTS AS> CONTAINED 
IN MIL-Q-^SSS. 

C. UNITS SHALL BE CAPABLE OF MEETING APPUCABVJF 
REQUIREMENTS OF MIL-C- ZG4SE. 

Z. INSPECTION AND ACCEPTANCE 
A MECHANICAL REQUIREMENTS: 

CO DIMENSION'S. 

3. DESIGN REQUIREMENTS 

A. MATERIAL: 

HOUSING: AL ALLOY PER QQ-A-<591 COtAP BSD 

B. FIHISH: 

HOUSING: CADMIUM PLATED PER 

qq-p- a\g,typetl,class z. Except 
bleached clear. 

4. THIS PART SHALL MATE WITH NASA 

DRAWING I0IZIS1. I 

5. IDENTIFY USING NASA DRAWING NUIABER _!/ 

REVISION LETTER AND MANUFACTURER'S * 

SYMBOL PER MIL-STD-|30. 
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L- general*.- 

“ A INTERPRET DWG PER M\L-D-70327 
ZB7 SUPPLIER'S 'SHALL CONFORM TO QUALITY 

- - P ROGRAM REQUIREMENTS A*S CONTA\UED 

ZZZZIN M\L~Q-9aSB. 

1 CZ UNITS SHALE BE CAPABLE OF MEETING APPEVCABEE 
ZZir REQUIREMENTS OF M\L-C-2G4S2* 

Z. INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS: 

ZI :t0 D\MENS\ONS>. 

3. DESIGN REQUIREMENTS 
t A. MATERNAL: 1 

’ HOUSINGv AL ALLOY PER QQ-A- S91 COt\P 330 


I ' HOUSING: CADMIUM PLATED PER 
1 QQ-P-4\G, TYPE 3L, CLASS B EXCEPT 
BLEACHED CLEAR. 

4. THIS PART SHALL MATE WITH NASA 
_ DRAWING 1011151. 

5. IDENTIFY USING NASA DRAWXHG NUMBER, 
REVISION LETTER AND MANUFACTURER'S 
SYMBOL PER MH-- STD-130. 
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REVISIONS 2Q4tl 6-26-fcf 
DESCRIPTION I DATE I APPROVAL 


REQUIREMENTS 
I- GENERAL'. 

A.- INTERPRET DUG PE? MIL-P-70S2-7 
Ok)LYTHE »TEM DESCRIBED Ok) 

THIS DRAWING, WHEN PROCUEEP P^OW 
THE’VEkJPOR LISTBD HEREOVMS 
APPeoVED &Y KOLLSMAN lUSTRUME-NT 
COCt> SY'OS*SET J k)EWY'ORV< FORUSE Ik) 

THE APPLICATION S.PECIFIE'D HBREOk). 

A SUBSTITUTE ITEM SHALL NOT &E USED 
VUlTHODT PPIOIR TESTING, AND APPROVAL 

&Y KOULSMAN instrument corf* 

APOLLO ENGINEERING, DU/j OR g>Y NASA , 
C- MARRING-' PACKAGE -bHLLBE LEGIBLV AUD 
PERMANENTLY" MARRED WITH THE MFG'S 
NAME AMD PART NO.> NASA DW(q lOO^ DA"5H NO. 
AMD REVISlofO UE-TTee.' PER. M\L-STD*\SO 
Z-PESGkJ REQUIREMENTS’. 

A- MATERIAL’- OLOV/ES,NYLON) 

E-BACR PoeOUSjPALM PLASTICIZED 


KOLLSMAN PART NO. 
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DESCRIPTION 


SPECIFICATION 


LIST OF PARTS AND MATERIALS 
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REQUIREMENTS: 

1. (^EKERM; 

A. INTERPRET DWQ PER M\L-P-70527. 

b. supplier s>haa-l com form to quality 

PROGRAM REQUIREMENTS AS CONTAIMED 
IN MIL-Q - 2>BS&. 

2. INSPECTION AMP ACCEPTANCE *• 

A. MECHANICAL REQUIREMENTS: 

0) DIMENSIONS 

(2) SPECIFICATIONS 

(a) 'WORKING DISTANCE I.B,2.5 

(b) MAGNIFICATION : 4, 7X 

(C) LEMS DlA : .S,l.O 

3. DESIGN REQUIREMENTS : 

A. materials: 

(0 LEMS BODY - PLASTIc0"<Wt>st5 
(2) LEMS - GLASS 

B. FINISH - NOME 

4. IDENTIFICATION: 

package shall e>e permanently and 

LEGIBLY MARKED WITH MANUFACTURER’S 
NAME AND PART MO., NASA DW4 NO., DASH 
NO. AND REVISION LETTER PER MIL-STD-I30. 
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REQUIREMENTS: 

1. GENERAL: 

A. INTERPRET DW<$ PER MlL-D-70327. 

B. ONLY THE ITEM DESCRIBED ON THIS DRAWING, 

WHEN PROCURED FROM THE VENDOR LISTED 
HEREOM IS APPROVED BY KOLLSMAN INSTRUMENT 
CORP, SYOSSET, NEW YORK FOR USE IN THE 
APPLICATION SPECIFIED WERE.ON. A SUBSTITUTE 
ITEM SHALL NOT BE USED V/IT HOOT PRIOR 

testing; and approval by kollsmAn instrument 

CORP, APOLLO ENGINEERING, DIV, OR. BY NASA. 

C. MARKING,: PART SHALL BE LEG,I&LY AND PERMANENTLY 
MARKED WITH THE MANUFACTURER’S NAME AND 

part No .,nasa u>w6 Nq, dAsh no. and revision 

LETTER PER MIL-STD-ISO. 

2. DESIGN REQUIREMENTS: 

A. MATERIAL: THREE INCH BRUSH ON A PLASTIC HANDLE 
WITH AN IONIZES BUILT INTO THE FERRULE 
OF THE BRUSH. THE IONI2ER IS BOO 
MICROCOPIES. OP RADIOACTIVE POLONIUM 
BRUSH TO BE SUPPLIED IN A CLEAR 
PLASTIC BOX. B'4 k B’4 X I Y A . 
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REQO\R£MeNlTS. *• 

I. G,EUEEAL: 

A. INTERPRET DW<$ PERT MlL-D*703Z7- 

B. ONLY THE ITEM DESCRIBED ON THIS DRAWING 
WHEN PROCURED PROM THE VENDOR LISTED 
HEREON \S APPROVED by kollsmakj INSTRUMENT 
CORF s SYOSSET, NEW YORK FOR USE IN THE 

Application specified hereon, a substitute 
item shall not be used without prior 

TESTING, AND APPROVAL BY KOLLSMAN INSTRUMENT 
CORP, APOLLO ENGINEERING* DIV , OR BY NASA. 

C. MARKING, - PART SHALL BE LEGIBLY ANP PERMANENTLY 
MARKED WITH THE MANUFACTURER’S NAME ANP PART NO., 
NASA PWG, NO. ANP REVISION LETTPER MIL-STP-I30. 
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2. DESIGN REQUIREMENTS’. 

A.MATERIAL: ONE (l) INCH BRUSH ON A PLASTIC HANDLE 
WITH AN IONIZER BUILT INTO THE FERRULE 
OF THE BRUSH. THE IONIZER IS 2.00 
MICROCURIES OF RADIOACTIVE POLONIUM 210. 
BRUSH TO BE SUPPLIED IN A CLEAR PLASTIC 
BOX. 5 Vg X I Vs, X Wq. 
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REQUIREMENTS 

j. GENERAL: 

A. INTERPRET DWG PER WWL-D-703Z7. 

B. SUPPLXER SHALL- CONFORM TO QVJALNTY 
PROGRAM REQUIREMENTS AS CONTA\NED 
IN M\L-Q-^&SB. 

2. INSPECTION AND ACCEPTANCE. 

A. MECHANICAL REQUIREMENTS 

CO D\MENS\ONS AS PER OUTL\NE 

3. DESIGN REQUIREMENTS 
A. MATERIAL: 

POLYSTYRENE PER L-P -S9C, TYPET, 
CLASS 1 1 CLEAR 

4. PAST SHALL BE PERMENTLY ANDLESlBLY 
MASKED WITH MANUFACTURERS NAME AND 

' PAST NUMBER? NASA DRAWING NUMBER 
AND REVISION LETTEB PER MIL-BTD-IBO 
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REQUIREMENT^. 

1. GENERAL. 

A. INTERPRET DRAWING* PER MlL-D-10321. 

B. SUPPLER. SH^LL CONFORM TO ^UAint PROGRAW 
R.E.QUI R£.w\^.NT^ AS COMTAAMED \N M\L-Gt'9&SS 

2. INSPECTION AND ACCEPTANCE 

A. r\ECHAN\CAU RtQUIRE^LWTS 

I. D\NtK'3\OUS - * - • - 

?. «»P6.C\FVCAT\ONS (%RC TABLE. X) 

I. DESIGN REQUIREMENT S 
A. MATERVALS 

I." BOOT AND BONNET . BRASS 
2 SEAT OF 2 ST«*aE, DIAPNRAGtAS (BOTH STAGES) 

AND RELIEF VALVE SEAT t S>TN\v\BT\C RJJBBER. 

3, SEAT FIRST STAGE *. NT LON 
S FINvSM 

\. NONE 

A IDEMTIHCATVON : 

PART *SV\AU-B£ PERMANENTLY AND LEGIBLY 
MARKED WITH MANUFACTURERS NAME AND PART 
NO., NASA DWG. NO. t DASH V40, AND REV. UETTER. 
PEE M\C-STD-rVSO. 
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\o 

■RATED CAR. (SCFW <© MAY. DELIVERY PRESS .) 

\2S 

PROOF PRESSURE, INLET (PS 1G) 

4000 

MINIMUM BURST PRESSURE, INLET. (P3\c*) 

sooo 

INLET PRESSURE <bAU&>£ (PSVR} 

3000 

DELIVERY PRESSURE GAUAE (PSifc) 

10 C30PSI OltRFRESSO RE') 

vjeusht ^lbs) 

G>.\ 

OUTLET CONNECTION 

NttOLfc VALVE 0/4 NPTl 

|DIE-T ' CONNECTION 
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REQUIREMENTS 

1- GENERAL 

A-INTEEPPET DWG. PER MIL-D-70B27 
B.SUPPLIER. SH/M-L CONFORM TO QUALITY 

V .PROGRAM REQUIREMEHTS CONTAINED . 

IN MIL-Q-9B58 

2- INSPECTION AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 

CO DIMENSIONS PER OUTLINE 
® fc) PACKAGE SHALL BE PERMANENTLY AND LEGIBLY 
MARKED WITH MANUFACTURERS NAME AND 
PART NO.. NASA DWG NO. AND REVISION 
LETTER PER MIC-STD-ISO 

3- DESIGN REQUIREMENTS ... 

a. per. mil-c-4-i©^. , j 



PROCURE ONLY FROM APPROVED SOURCES 
LISTED ON THE KIC QSL FOR THIS DW<; 
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REQUIREMENTS 

1- GENERAL 

k .INTERPRET DWG. PER MlL-D-70827 
I B. SUPPLIER SHALL COM FORM TO QUALITY 

PROGRAM REQUIREMENTS KB CONTAINED .. 
IN MIL-Q-9B58 

2- INSPECT10M AND ACCEPTANCE 
A. MECHANICAL REQUIREMENTS 

CO DIMENSIONS PER OUTLINE 
(2) PARTS 8UAU. BE PERMANENTLY AMD LEGIBLY 
MARKED WITH MANUFACTURERS NAME AND 
PART NO., NASA DWG NO. AND REVISION 
LETTER PER MVU-STD-\SO 

3- DESIGN REQUIRE.ME.NT 

A. PER. MIL-C-4*108* 


21/32 


1/4 


Z 37/64 

i_ 



V_/ 



H*—-I 19/^2 


PROCURE ONLY FROM APPROVED SOURCES 
LISTED ON THE KICQSL FOR THIS DW<; 
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government/nasa 
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1 LIST OF PARTS AND MATERIALS 1 


TOL 

ON 

FRACTIONS 

DECIMALS 

ANGLES 

+ _ 

+ _____ 

+ _____ 

DO NOT SCALE THIS DRAWING | 


UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 


KOLLSMAN INSTRUMENT CORPORATION 

ELMHURST_ NEW YORK 


0D3860I |82Z 


MANNED 

SPACECRAFT CENTER 

HOUSTON, TEXAS 


A.SAnoiolfV „,Tr5-M-65 


DRAWN H. PATE ~ ^ 

CHECKED L)^ 

APPROVAL 


Real 


APPROVAL 

APPROVAL 


tr 


PLUG 

SPECIFICATION CONTROL DRAWING 


NASA APPROW 







CODE IDENT NO. 


89944 


r APPPDVAl C'tt (• 


NASA NUMBER 


1001830 


SCALE ^s-» 


WEIGHT 


CALC 

ACTU 


SHEET 


OF 














I 


10 \ __9_1_8_ I 7 _1_6_ I 5 


REQUIRE. MENTS: 

1. GENERAL 

A. INTERPRET DRAWING* PER M\L-D-~103Z1. 

B. SUPPLIERS SHALL CONFORM "TO QUALITY PROGRAM 

REQUIREMENTS A**> CONTANMED. IN NUL-Q-9BSB. 

2. INSPECTION AND ACCEPTANCE. 

A. MECHANICAL REQUIREMENT* 

V. DISSENSIONS 

A. Dl A OF CYLINDER •. 3.SW* t. 032. 

B. LENGTH OF CYLINDER 

C . OVERALL LENGTH ( CYLINDER AND VALVE)'* V3.1SO |HAX 
D. VOLUME ST CU IN (WATER) N\\N 

E PRESSURE CAPACITY . RlOO LBS/in*(wOR*iNG) . 

B. DESIGN REQUIREMENTS*. 

1. MATERIALS 

A. CYLINDER *. STEEL. SAE A ISO PER MIL-S* G~«Se>. 

O. VALVE (30Dt) ; R»RASS 
. 2 FINISH 

A. CYLINDER: 

I. OUTSIDE SURFACES ONLY : PRIME WITH OKIE 
COAT OF IRON OY IDE .. APPLY THREE^) COATS 
OF GRAY ENAMEL PER ND 10020^8 

B. VALVE 
I. NONE 

3. SPECIAL REQUIREMENTS 

a. silk screen il slack letters ,.05 hicm, .os 

WlOC LINES > APPROXIMATELY AS SHOWN , PER NOD OZO& 

♦.TILLING REQUIREMENTS 
♦ .PREPARATION 

I. CYLINDER TO BL SEALED j PURGED AND PARTIALLY FILLED 
with DRY CLEAN NITROGEN .PRIOR TO SHIPPING* ftY mkuuf/etoreR. 
B.PACT SHALL BE PERMANENTLY AND LEGIBLY MAS2K-£D WITH MANUFACTURERIs 
NAME AND PART NO- NASA DRXb NO- DASH NO- AND REVISION LETTER 
PEC MIL- STD-130 



PROCUBE ONLY froh APPROVED BOOBCeS 
USTED. on THE.QSL FOB THIS DBAWlNCa 
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REVISIONS 

DESCRIPTION 


^3oS 3 

DATE APPROVAL 


REQUIREMENTS: ; _ -- 

I. GENERAL' ._■ -- f " " 

._ A.INTERPRET DWG PER WIL-D-70327 
I B.SUPPLIERS SHALL CONFORM TO 

QUALITY PROGRAM REQUIREMENTS AS 
CONTAINED IN MIL-Q- 9358 
Z INSPECTION AND ACCEPTANCE'. ~ 

A. MECHANICAL REQUIREMENTS: ’ 

; 0 Dl PENSIONS: - PER TABLE ~ 

2)PARTS SHALL BE PERMANENTLY _____ 
... AND LEGIBLY MARKED WITH 
_J. MANUFACTURERS NAME AND PART 
/ NUMBER,NASA DRAWING NUMBER 
AND REVISION LETTER PER 
~ MIL-STD-I30 i BAGGED OR TAS6ED) 

3.DESIGN REQUIREMENTS: . 

A. MATERIAL: ' 

.. 0 POLYETHYLENE, COLOR RED “TTZZi: 

..-.l PER MIL: P-3803, GRADE I _:~._:_lZiZZ:'.'Z 


\ft£J - 


it 



tots 

.0Q2— 
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Ar 


PART NO. lA-.OlO B-.03I CL031 
I0OI88G-M 1.500 1.750 .50,2 

I00I&&4HJM 2.250 2.500 .0,25 
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NOTES: 

REQUIREMENTS*. 

L GENERAL: 

A. INTERPRET DWG PER MIL'D-70327. 

B. GENERAL MACHINING STANDARDS PER NDIOO1078. 

C. REMOVE BURRS PER ND100X079. 

D. FINISH UNLESS OTHERWISE SPECIFIED. 

E. SUPPLIER SHALL CONFORM TO QUALITY 
PROGRAM REQUIREMENTS AS CONTAINED IN 
MIL-Q-S8SB. 

2. INSPECTION AND ACCEPTANCE: 

A. MECHANICAL REQUIREMENTS: 

‘ t. DIMENSIONS 

B. DESIGN REQUIREMENTS: 

A. MATERIALS: 

1. CASE: AL ALY 6061-0 PER QQ-A-2S0/lt 
.090 THK. 

2. HANDLE ASSY 

A. HANDLE PLATE-AL ALY 3003-HI2 PER 
QQ-A-2S0/2 TEMPER H12. 

B. SPRING* CRES PER QQ-W-423. 

C. BAIL- STEEL AlSi NO. CIOIO PER QQ-S-633. 

D. GRIP- ROBBER PER MIL-R-68S5, CLASS TE 
GRADE SO. 

3. HINGES-AL ALY 606I-T6 PER QQ-A-225/8, ~ 
TEMPER Tfe 

4. FEET-ZINC BASE ALY PER QQ-2-363. 

5. LATCHES- STEEL PER QQ-S-633. 

6. PRESSURE EQUALIZER- AL ALY 2024- PER 
QQ-A-22S Jd> 

7. BRACKETS-606I-T4 AL ALY PER QQ-A-225/8 
TEMPER T4. 

8. RING, MOUNTING- AL ALY 606I-T4 PER QQ-A-225/B 
TEMPER T4 

9. GASKET- NEOPRENE PER MIL-R-605S CLASS H 
GRADE 60. 

8. FINISHES*. 

I. PRELIMINARY 

A. CASE- CHEMICAL FILM TREATMENT PER 
MIL-C-S54I, GRADE C, CLASS 2. 

B. HANDLE PLATE- CAUSTIC ETCH 

C. SPRING- PASSIVATE PER MIL-STD-ITI. 

D. BAIL-CADMIUM PLATE PER QQ-P-416 CL2, TYPE 2. 

E. LATCHES- CAD PLATE PER QQ-P-416 0.1. TYPE 2. 

F. PRESSURE EQUALIZER- BLACK ANODIZE PER 
QQ-A-8G2S TYPE I. 

G. BRACKETS AND MOUNTING RING' CHEMICAL 

RIM TREATMENT PER MIL-C-SS41, G/WPC C,CLASS 2 
„ ?. FINAL 

A. ALL SURFACES EXCEPT HANDLE GRIP, FEET, 

GASKET, PRESSURE EQUALIZER AND SURPCES MARKED X 
SHALL BE TREATED AND FINISHED PER MIL-F-I4012, 
ALUMINUM PARTS PER P5I3. STEEL PARTS 
PER P2I2. APPLY TWO (l) COATS OF 
CASHMER* BLUE ENAMEL PER NASA 
DWG NO* 1016194. 

4^ SPECIAL REQUIREMENTS. 

A. LABELING-SILK SCREEN .75 AND .50 HtQH BLACK 
CHARACTERS AND .06 WIDE LINES PER ND 1002015 
UNLESS OTHERWISE SPECIFIED. (INFORMATION TO 
BE DESIGNATED ON PURCHASE ORDER A 

B. THIS CASE ASSEMBLY CONFORMS TO MIL-T-94S 
EXCEPT PARA 3.51.2.4 AND IS WATERTIGHT PER 
MIL-STD-108 TABLE UL. 

5. IDENTIFY USING NASA DRAWING NO., REV LETTER 
AND MANUFACTURERS SYMBOL PER NO 1002019. 

(INSIDE CASE) 

6. PART numbers o>HOU>KI ARC. -ZERO MFG Oe EQUIV. 

AMD AR.R E.EF. 


PROCURE ONLY FROM APPROVED SOURCES LISTED 
ON THE QSL FOR THIS DRAWING 
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S E -i' AL. 

/ iu.: s--peeT Dwe. pe« MiL-o^os»n 

' '$ *5UALL COMFOEJVf TO QUALITY PKOGjKAM 
f^rc , if -M6.KJTS A«> QOKJTXIMEO IKi MIL-Gi- <= )SE>B 
2.IUSF*". * OKi AkjO ACCE-PTAMC-e 
* A.MKiC. * KJIClAi- l?e;CiOIK.eMe:»UTS 
i . r AJSIOMS 
3.D*" - etOOIKtMtUTS 

*A. AL3 

!/• V -- - ALUM ALLOY' iO^I-OPEK QQ-A-'Z.E.O/I I ,.090Tl4 IOC 

i.wAt o e assy- 

A -i\LJLE OLATE -ALUM ALLOY" 3COZ>-HI'L ' 

So-A-'LSQ/Z temp Uf'L 
i-^via-cets pet2. qo-W-41'5 
.£>A ltSTEEL A.I S' lOVO Pee 0Q-S>-4»53 

PeK.M\L-e.-G.S£>E> i <=-LASS3U 

C> ’.ADE ^bO 

>5.vrG^. ’ ZAvA< MO. S PeeQQ-Z-5^ • 

4. _ \rc ^es-^'^e.e.L f^is. qq-s-gs* 

6. G.A=.<er ueopeekE pek M\L_-ve.- ao _tie 

GtKALafc £>0 

5 . ALUM \_LOY* -T4-. PTO <3>G? - Ac Z'b©/' L -O 6 ** "TH' 

7. pPESSlH’E; EQUALIZER * ALIM ALLOY 2024 PER Q.Q-A-Z25/G 
5.FlNi£>H r -S 

Lh? LUMINARY 

A. CASE - CHEMICAL FILM PER MIL-C-5541 

—. & HANDLE assy 

handle plate-caustic etch 

SPRING-PASSIVATE-MIL-STD-171 _ 

Cl i. BAIL-CAD.PLATE PER QQ-P-416, CL2 TYPE 2 
: ; 4 . CRIP-NONE t— 

r HINGES,FEET AND CASKET-NONE. ‘ ' 

1* D. LATCHES-CAD. PLATE. PER QQ-A-4I<aCL 2,TYPEZ -r- 

E. PRESSURE EQUALIZER-ANODIZE PEE KIH'A-frWA k 

7 n PE r, DYED BLACK 
2. FINAL 

ALL SURFACES EXCEPT HANDLE GRH? FEEX 
; GASKET AND PRESSURE EQUALIZER SHALL BE 

TREATED AND FINISHED IN ACCORDANCE WITH _ 7<xx 

-- ^HL-F-14072, ALUMINUM PARTS PER P5I5, STEEL , 

i-f PARTS PARTS PER P2IZ,APPLYTWO(2JCOATS 

OF CASHMERE BLUE PER DRAWING NO. 10U, 134 U.8T5J 
4.SPECIAL REQUIREMENTS 

A. LABELING-SILK SCREEN BLACK CHARACTERS 

. .0G2WIDE LINESCAS SHOWN) PER ND 1002013 
UNLESS OTHERWISE SPEC.lFlED(mFORMATION TO 
BE DESIGNATED ON PURCHASE ORDER) 

B. THIS CASE ASSEMBLY CONFORMS TO MIL-T-945 
EXCEPT PARA 3.31.2.4 AND IS WATERTIGHT PER 
MIL-STD-106, TABLE HL 

5 IDENTIFY USING NASA DRAWING NO. REV LETTER 
AND MANUFACTURER'S SVM PER ND 1002019 

(INSIDE OF CASE) - 

b. PART NO'S ARC MANUFACTURER'S NO'S AND FOR 

REF. ONLY. ZEI?0 OR EQUIVALENT MANUFACTURER .&0O D\A' 


2.000 | 
i t 3-IZB 


-SILK SCREEN .50 HIGH AND .062 WIDE 
LINES UNLESS OTHERWISE SPECIFIED. 
CHARACTERS PER ND 1002013, COLOR 
BLACK PER FED-STD*535, NO.37050 


-SFOTWELD PER MIL-W-685S 


I 5.937 
7.000 I 


-SEE REODlEEMEKiT —x 
3>A.6» 
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Z/l&O-SOfcCF 


SEE REQUIREMENT A. A 
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requirements 

I. GENERAL 

A. INTERPRET PRAWING PER MIL-P-70327. 

6. SUPPLIERS SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS AS CONTMNEP IN VAIL'Q-9666. 

C. PREPARATION FOR PEUVERY PER NO 1002216 CLASS t. 

Z. INSPECTION AND ACCEPTANCE 
A MECHANICAL 

t. DIMENSION* AS SHOWN 
Z. EPGES PINE 6ROUND 

3. PARTS SHALL BE PERMANENTLY ANP LEG I SLY 
MARKED WITH MANUFACTURER’S NAME ANP 
PART NO., NASA PRAWING NO. ANP REVISION 
LETTER PER MIL-STD-I30. 

B. OPTICAL 

I. PART SHALL CONFORM TO REQUIREMENTS OF MIL-O-13630 
A. SURFACE QUALITY! AO-20 /tn 

6. CLEAR APERTURE: ENTRANCE- .570, EXIT- .570'ey 

C. BOTH SIPES POLISHED FLAT WITHIN i4 A AT 54*1 A 
P. BOTH SIPES PARALLEL WITHIN 0*0’SO". 

E. CENTER FREQUENCY: 3522 A ±25 A. 

F. EFFECTIVE BANPWIPTH5 212 A ± 6% . 

G. PEAK TRANSMISSION: GREATER THAN 40% . 

W. TRANSMISSION AT ANY WAVELENGTH OUTSIDE 

PASS BAND ( FROM 3000 A TO 10.000 A) 

LESS THAN 0.3%. 


... 4.000 
•S*' - OOS 


SUPPLIER: THIN FILM PRODUCTS.INC 
IG3 BRIDGE ST 
CAMBRIDGE , MASS. 
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requirements 

1. <iE.MtRA.L- 

A. INTERPRET PRAWINQ PER MIL-P-70327. 

6. SUPPLIERS SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENT* AS CONTAINER IM MIL-Q-96S6. 

C. PREPARATION FOR PELIVERY PER MD 1002213 CLASS I. 

2. INSPECTION AMP ACCEPTANCE 
A. MECHANICAL 

1. PIMENSIONS AS SHOWN 

2. EPQES PINE 6ROUNP 

3- PARTS SHALL e>e PERMANENTLY ANP LEQISLY 
markep WITH manufacturer's NAME ANP 
PART NO., NASA PRAWNS NO. ANP REVISION 
LETTER PER MIL-STP-I30. 

S. optical 

I. PART SHALL CONFORM TO REQUIREMENTS OF MIL-O-13630 
A. SURFACE QUALITY: AO-20 

6. CLEAR APERTURE: ENTRANCE- .570, EXIT- .570 'ey 
C. BOTH SIPES POLISHEP FLAT WITHIN Va, A AT 5*41 A 
p. BOTH SIPES PARALLEL WITHIN 0*0’ 30". 

©E. CENTER FREQUENCY: 3500* t |g A. 

F. EFFECTIVE BANDWIPTW. 212 A ± S% . 

G. . PEAR TRANSMISSION : QREATER THAN 40% . 

H. TRANSMISSION AT ANY WAVELENQTH OOTSIPt 
PASS BAND ( FROM 30 Oo A TO 10.000 A) 

LESS THAN 0.3%. 


< 


.341 


4-000 

-.005 


suppler: THIN film propocts,\MC 

B>R\Oae ST 
C^Me>R\DGie , MASS. 


or t«w«v*woir” 

















requirements 

1. GENERAL 

A. INTERPRET DRAWIN <k PER MIL-P-70327. 

B. SUPPLIERS SHALL CONFORM TO QUALITY PROGRAM 
REQUIREMENTS AS CONTAINER IN MIL-Q-9BSB. 

C. PREPARATION FOR PEUVERY PER ND1002215 CLASS I. 

2. INSPECTION AND ACCEPTANCE 
A MECHANICAL 

1. PIMENSIOMS AS SHOWN 

2. EPQES FINE GROUND 

3. PARTS SHALL &E PERMANENTLY ANP LEGIBLY 
MARKED WITH MANUFACTURER'S NAME ANP 
PART NO., NASA PR AWING* NO. ANP REVISION 
LETTER PER MIL-STD-130. 

B. OPTICAL 

I. PART SHALL CONFORM TO REQUIREMENTS OF MIL-0-I3&30 

A. SURFACE QUALITY: AO-20 

B. CLEAR APERTURE: ENTRANCE- 2.125, EXIT- 2.125 

C. BOTH SIPES POLlSHEP FLAT WITHIN Va, 7l AT 54GlA 
P. BOTH SIPES PARALLEL WITHIN 0*0'SO". 

E. CENTER FREQUENCY : 3522 A ± 25 A. 

F. EFFECTIVE BANDWIPTH*. 212 A ± 5% . 

&. PEAK TRANSMISSION: GREATER THAN 40% . 

H. TRANSMISSION AT ANY WAVELENGTH OUTSIPE 
PASS &ANP ( FROM 3000 A TO 10.000 A) 

LESS THAN 0.3%. 
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4.000 
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SUPPLIER: THIN FILM PRODUCTS,INC 
IG3 SRlPGe ST 
CAMBRIDGE , MASS. 
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REQUIREMENTS: 

L-GENERAL: 

Ar INTERPRET DW6 PE.* MIL-D- # 7032 r l. 

B.-5UPPLIER 5HML CONFORM TO QUALITY PROGRAM REQUIRENTS 
AS CONTAINED IN MlL-Q-®>858. 

C-VENDOR TO SUPPLY IOO% CRIMP TYPE. CONTACTS AND Mid. OF 15% 
SCALING PLUOS. 


2.-INSPECTION AND ACCEPTANCE’- 
A.-MECHAMICAL PE.CPUI (REM ENTS 1 . 

(l).pi MENTIONS* PER- TABLE 1- 
(2>MATEPIAL< 

(a} SHELL-ALUMINUM ALLOY AS PEOUIRED PER MIL-C.-2fc4-82 . 
(b)lNSERT SOLID DIELECTRIC PER MIL-OZ.G>4©2 AND MIL- M-14 
(TYPE MFH) OP EQUIVALENT METHYL - VINYL SILICONE 
RUBBER GROMMET. 

C^OASKETS 1 ' METHYL-VINYL SILICONE RUSBEp. 

©FINISH-* SHELL; CLEAR’ CONDUCTIVE AsNODIZ-ED. 

(4) MARKING: PARTS SHALL BE PERMANENTLY AND LEGIBLY 
MARKED WITH MANUFACTURERS NAME AND PART 
NUMBER, NASA DRAWING NUMBER AND REVISION LETTER 
PER MIL-STD-lBO. 


3r DESI6N ! 

A. -ELECTRICAL REQUIREMENTS: 

(1) CONTACT CURRENT RATIN6: N0.2E CONTACTS-5 AMPERES. 

(2) VOLT AC E PATIN6J 250VOLTS RMS OR BSOVDC- 

(3) WITH STAND l NS VOLTAGE: ISOOV RMS AT* SEA LEVEL. * 
INSULATION RESISTANCE- 100,000 MEGOHMS AT 25 # C, 

SOOVDC; 5,OOOMEGOHMS AT 125*C, SOON/tXS. 

{5) CONTACT RESISTANCE: BMILLIVOLTS AT S AMPS 
(REAR OF PIN CONTACT CRIMP BARREL TO REAK 
OF SOCKET CONTACT CRIMP FbARREC). 

B. -MECHANICAL REQUIREMENTS* 

(l)COUPLIN6 MECHAN15 M; BAYONET LOCKING COUPLING, 

(Z) ENGAGEMENT AND DISENGAGEMENT FORCEJSEE TABLE T 

( 3 ) CONTACT RETENTIONS 50 LBS Ml N. IN DIRECTION OF MATING FOKCE. 

(4) OPERATING TEMPERATURE : -C»n # F T0 300T. 


NOTES! 

It Alternate positions; the insert, A5 shownjs eotatedoc 

_ DEGREES RELATIVE TO THE <t OF THE MASTER KEY AS INDICATED. 

THIS ALTERATION *3HALL NOT B>E ACCOMPLISHED BY USER. 

2.- FOR MATINS CONNECTOR SEE NASA * 1010930 


PRO CL yp only from approved sources listed 
ON The CONTRACTOR QSL FOR THIS EDRAVvilNCi 




6 


5 


3 


2 



^ _ REVISIONS _ 

SYM |Z0NE| DESCRIPTION _ DATE APPROVAL 

- - INITIAL ■Re.UE^e CUSS A 

_ ?£3> ZfGc/A_ 


A 

MAX. OVER 
KNURL 



✓“KEY INDEX GROOVE 
| / (PAINTED BLUE^ 

SOCKETal_PIW^/^riASTER KEY 


/xY o o Qo \o/x\ 

r/vWvH 

*W\^(}\o|o/cyo/W 
\^o \o3Toy b/y' 
L\o \o o |qo/ o/V 
V\\o 01 oo/s&S 


INO.OF 
[CONTACTS 61 



KEY INDEX GROOVE 
(PAINTED BLUE TYP) REF 


NO. OF 

CONTACTS 7 



NO. OF 

CONTACTS 19 


[ ((yo/o/ U' o) o) o) ] 
r 'raTofe^o/o/ } 
\ p\o \ofo/ o/o/f 
VcKo oT o Q/oJr 


NO. OF 

CONTACTS 44 



TABLE I 


NO. OF 
CONTACTS 85 


DAS 

>H NO. 

QC IN 

NO. OF 

1 DIMENSIONS 

MAX ENG 

N TYPE 

: SOCKET TTP 

i DEGREES 

CONTACTS 

A MAX 

B C 

force On- lbs} 

OOI 

lOl 

O 

.. 7 . 

730 

453 

8 

003 

102. 

130 





003 

103 

O 





004 

104 

75 

- 13 

•853 

«5G2 — - 

12 .... 

005 

103 

ISO 





OOG 

1 0(0 

235 





oon 

107 

O 





OOB 

102 

75 

44 

M5G 

.828 

20 

oo<» 

1 09 

ISO 





o IO 

1 IO 

225 



.890 


on 

III 

O 





013 

113 

75 

Gl 

1.281 

■■953 

24 

013 

113 

150 : 





014 

114 

225 





o\s> 

113 

O 





OiG? 

H <m 

75 

85 

1.3 no 

I.0G2 

28 

on 

in 

150 





018 

MB 

225 






ITEM QTY awu SOVERNMENt/nASA CODE NOMENCLATURE OR 

NO. REQO * V “ NO. K0LL1MAN ART NO. |DENT DESCRIPTION 

I LIST OF PARTS AND MATERIALS 

UNLESS OTHERWISE SPECIFIED I ,NSTRU,IE " T 

DIMENSIONS ARE IN INCHES _ £' C OS3 8&> 3 I 2.H 5 SP ' 

T ° L I+ ♦ |+ _„ . title 


|- _ \2 _ lz _ DRAWNJV_k 

DO NOT SCALE THIS DRAWING checked^ 

MATERIAL ARPROVA UL 

SEE REQUIREMENTS PPR0VAL_ 

I ■* 


NEXT ASSY USED ON CONTRACT 

APPLICATION Hnas^-4-^t 



MATERIAL I SPECIFICATION 


MANNED 

SPACECRAFT CENTER 

HOUSTON, TEXAS _ 


CONNECTOR, PLUG,ELECTRICAL 
BAYONET LOCKING COUPLING 

° SPECIFICATION CONTROL DRAWING 

4 p, UETZCti CODE IDENT NO. SIZE NASA NUMRER 

89944 D 1001925 

'^Afaf^yf/fc ZL SCALE NOKH WEIGHT ACTUAL l* HEET 1 0F I 






















REQO\REMENT*> J 
\-QENERM. 

►INTERPRET DWG PER M\l*D-701>27 
B* SUPPLIERS SHALL CONFORM TO QUALNTY 
PROGRAM REQUIREMENTS AS contained 
UM M\L-Q-8&58 

C-UNVTS SHALL BE CAPkBLE OF MEETING APPLNCABLE 
REQUIREMENTS OF M\L-C-E£48E 





































. REdjUVREVAEMT^ ; 

>GEHEJ*fcL * 

. I K-VKTERPPEt DWG PER Ma-D-10-*>27 
* * ^-SUPPLIERS SMALL CONFORM "TO QUALITY 
PROGRAM REQUIREMENTS AS CONTAINED 

r ; mil-g-bbss. 

C-UNITS SHALL BE CAPABLE OF MEETING APPLICABLE 
. REQUIREMENTS OF MIL-C-2G4B2. 
v. 2- INSPECTION AND ACCEPTANCE 
' A-MECHANICAL REQUIREMENTS 

0) DIMENSIONS PER OUTLINE 
£- ~ <W PARTS SHALL BE PERMANENTLY AND LEGIBLY 

• ^L Li : , v . marked with manufacturers name AND 
part no.,nasa drawing no. and revision 
X~'-~ letter per Mvl-std-\*bo 

!TVO€SVSN REQUIREMENTS 
_ A-VMATEJRIAU 

uSl mousing- aluminum alloy, in accordance with mil-c-2£4b1. 

- GASKET- RESILIENT RUBBER 
•-.T*: B- FINISH 

MOUSING-IRIOTTE PER MIL-C-5541 .GOLD COLOR 


tWftrt 

Ha 

SHELL 

SUE 

v*.o°i 

-.OCXs 

B* MAX 

±.OOF 

*C MAX, 

i’©o5’ 

ooi 

s 

<V75 

.7 IS 

3>99 

r QCZ 

IO 

.5B0 

.B*4 

.399 

003 

\z 

.750 

1.000 

359 

004 

14 

.875 

1.12S 

399 

005 

IQ 

\.000 

1.250 

.399 

OOG 

IB 

H.izs 

1.575 

.*999 

007 

to ’ 

1-250 

1.500 

.4*1 

006 

32 

ISIS 

14225 

1^.1 

©09 

24 

1.500 . 

1.756 

494 


PROCURE ONLY PROM APPROVED SOURCES, 
LISTED ON CONTRACTOR QSL FOR THIS CWS 




















~>GENERM. 

H K-\NTERPRET DWG PER M\L-D-70327 
B-5UPPUERB SHKLL CONFORM TO OUKLNTY 
PROGRAM REQUIREMENTS COKTMNED 
\N MVL-G-BBSB 

C-UNITS ^HKLL BE C/VPKBUE OF MEETING APPLVCfcBLE 
REQUIREMENTS OF M\L-C-6G4S2. 

2 - INSPECTION *NO *CCEPTM4CC 
A-MEGH/KMCKL. REQUIREMENTS 
0) DIMENSION* PER OUTLINE 
(2) PKRTS SHALL BE PERMANENTLY AND LEGIBLY 
MARKED WITH MANUFACTURERS NAME AND 
__ PART MO., NASA DRAWING NO. AND REVISION 

LETTER PER MlL-STD-L&O _ _ ^ 

I VOES\GN REQ\J\REMENTS» T_ ZII“ “_ 

A-MATERNAL. —~-* 

_(£) HOUSING-ALUMINUM ALLOY - \W ACCOTOAUC* WTO* Mtt.-C-2G48Z, 

I GASVCET- RESIUEHT RUBBLE __ _ . _ __ 

B-F\N\SW ' 

© - MOUSING -SULFURIC ANODIZE PER MtL-A-8fe25,TYPE^3r 


© 


T5A5R 
_ M 

‘SHELL- 

SIZE 

N D1A 

4> . OOI 

— ,*>03 

L 

♦.©as 
- .oi5 

D DTA 
MAX 

: 010 

6 3~ 

.34-8 

.531 

• SC.1 

00 | 

8 

4T3 

.531 

.666 

002 

\o 

.ESO 

• 531 

.611 

003 

12 

.750 

.531 

-%9 

004 

14 

.875 

.532 

1.094 

005 

H> 

1.000 

.531 

1.119 

006 

16 

Tl 2 s“ 

. 532 

1.344 

007 

20 

1250 

.594 

|.4fc9 

006 

22 

1375 

.594 

(.594 

009 

24 

\.«5oO 

.627 

t.H9 



REVISIONS I 


SVM 

IORC 

DESCRIPTION 

DATE 

APPROVAL 


— 

— 

(Nf774L /fcZfASS CtASS 

r-^/r/r jL7/ fy 


- 


A* 


REVISED Ft< ICO H1058 
Tpfcfc <*Z19ZO DAT€4-tt-44 

♦•IW4 



B, 


«EN\’5Et>T>eiR. SCO »no85 
TDttt 4 2&T83 DM* S-IN-U 

S-Mi 

JPD 

w 


c. 


REVISED PER ECO 1170+1 
HXRGTHni. DATE 514 -U, 

t-l-tfc 

>* 





i 


a 


H 


PROCURE ONLY FROM APPROVED SOURCES v 
LASTED ON CONTRACTOR QSL FOR THIS DWG" 


[item 

1"°- 

QTY 

IEQO 


•overnm ent/nasa 

MO. 

HOLLOMAN .AMT NO. 

CODE 

IOENT 

NOMENCLATURE OR 
DESCRIPTION 

MATERIAL 

SPECIFICATION 

unit] 

wtI 

1 

LIST OF PARTS AND MATERIALS 1 


UNLESS OTHERWISE SPECIFIED 


DIMENSIONS ARE IN INCHES 


FRACTIONS 


ANOtiS 


♦ 



DC NOT SCALE THIS DRAWING 


CSC R8fe>«fMfi*TVA] 


NkS 


, C Q336Q^ie\^H 


,-r cuaipu-_«/ieU 


jAPNMNNAi. 0 J->-L.y- 


MAM APPROVAL 


4. g, METZGER 


7^7 

iT/ Ut.' 




MANNED 

SPACECRAFT CENTER 

HOUSTON, TEXAS_ 


CM> PROTECTIVE.. 

SPXWChtvsn Control. t*«y^N6 


COM IOCNT NO.] 




»OOI9Z<2> 


4al4. I 

ttTVSi 


\ 0> I 


APPLICATION 


HIT APPROVAL] 


SCALE 


WEISHT 






















f*equ\rements : 


1- general 

A-INTERPRET DWG PEP MIL-D-TOSZ7 
B-SUPPLIERS SHALL CONFORM TO QUALITY 

PROGRAM REQUIREMENTS AS CONTAINED m 

IN MIL-Q-8B5S ' 

C-UNITS SHALL BE CAPABLE OF MEETING APPLICABLE 
REQUIREMENTS OF M\U-C-EQA8E 

2- INSPECTION AND ACCEPTANCE 
A-MECHANICAL REQUIREMENTS 

0) DIMENSIONS per OUTLINE 

(a) PARTS SHALL BE PERMANENTLY AND LEGIBLY 

MARKED WITH manufacturers NAME AND 
PKRT NO., NASA DRAWING NO. AND REVISION 
LETTER PER M*L-STD-r?>o 
VDESIGN REQUIREMENTS 
A-MATERIAL 

(b, housing- aluminum alloy in accordance with mu.-c-2G4B2. 
GASKET- RESILIENT RUBBER 
B- FINISH 

© MOUSING*-SULFJRIC ANODIZE PER MlL~A-SklS, TYPE j£ 



PROCURE ONLY FROM APPROVED SOURCES 

listed on contractor qsl for this dwg 
























requirements ; 

1- GENERNL 

_ K-INTERPRET DWG PER NWL-D-70327 
B-5UPPUERS SHKLL CONFORM TO QUALITY 

. PROGRAM REQUIREMENTS *S CONTMNED 

I \N MIL-Q-9SSB 

C-UNITS BHKLL BE C^PKBLE OF MEETING APPLICABLE 
REQUIREMENTS OF MIL-C-EG48E 

2- INSPECTION AND ACCERT^NCE 
A- MECHANICAL REQU\REM ENTS 

0) DIMENSIONS PER OUTUNE 

(2) PARTS SHALL BE PERMANENTLY AND LEGIBLY 

: . marked with manufacturers name avad 

-1 PART NO., NASA DRAWING NO. AND REVISION 

_ LETTER PER MlL-STD-r^O 

_ 3-DESIGN REQUIREMENTS ' " ~Z~_- 

L A-MATERNAL . . - 

_ HOUSING-ALUMINUM ALLOY PER QQ-A-5®>\,COMP 380 

I GASKET-RESILIENT RUBBER_ ^ __ 

“ B- FINISH 

HOUSING-I RNOrTE F^ER MIL-C-5S41 .GOLD COLOR 


DASH 

Na 

SHELL 

sat 

vw»i 

-.006 

& MAX 
±p OF 

C* MA* 

±ooS 

‘iMW 

±.oo5 

00| 

8 

473 

.719 

399 

.022 

002 

IO 

.590 

.844 

.394 

j024 

003 

12 

.750 

1.000 

399 

.032 

004 

14 

.875 

LIES 

399 

.035 

005 

IQ 

1.000 

1.250 

393 

.040 

OOG 

IS 

\.I25 

1.375 

.199 

P42 

007 

Zo 

1260 

1.500 

.461 

047 

006 

22 

(.■yis 

1.625 

.461 

.053 

003 

24 

\.*5oO 

1.750 

.494 

.057 


PROCURE ONLY FROM APPROVED SOURCES 
LISTED ON CONTRACTOR QSL FOR THIS DW<5 


KNURL 



MARK 

Z 


llTEM 

QTY 

ItEQO 

0 

oovirnment/nasa 

NO. 

KOLLSMAN PANT NO. 

CODE 

IDENT 

NOMENCLATURE ON 
DESCRIPTION 

MATERIAL 

SPECIFICATION 

IuniT 

Ln 

1 LIST OF PARTS AND MATERIALS 




APPLICATION 


UNLESS OTHERWISE SPECIFIED 


DIMENSIONS ARE IN INCHES 


FRACTIONS I DECIMALS I ANRLIS 


DO NOT SCALE THIS DRAWING 


pEEREOKWEMEHT lrf\ 


NAS-9-4^7 


" c OYSB&!> I2'<H 

ite 


,*R CJKMDLL- 


CHECREO^fr^^, 


ARM OVAL r — 


A.&MnZCB 


MIT APPROVAL!! 


MANNED 

SPACECRAFT CENTER 

_HOUSTON, TEXAS 


CAP, PROTECTIVE .. 

SPEOPICKTIOH COMTROU ORKVVINS 


COM IMNT NO. 


8*5944 


SIZE I NASA NUMDCR 


100192(3 


tAlt , M „ T , 































































REQUIREMENTS* 

... I. GENERAL '■ .--- --- - 
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2 APPLICABLE DOCUMENTS 

2.1 the following documents form a part of this specification to extent 
specified herein. 

Standards 

American Society for Testing and Materials 

. 

D-1622 Method of Test for Apparent Density of Rigid Cellular Plastics. 

D.1564 Specifications and Methods of Test for Flexible Urethand Foam. 
PUBLICATIONS 

NASA- 

UPC 200-2 NASA Quality Publication, Quality Program 

Provisions for Space System Contractors. 

SPECIFICATIONS 

■ Federal - : 

TT-M-261 Methyl - Ethyl-Ketone 

Military - 

MIL-S-21568 Silicone Fluid, Dimethyl Polysiloxane 

Drawings 

SCD 1006281 Resin, Urethane Foam 

SCD 1010798 Foam, Polyurethane 

SCD 1006276 Pigment, Black ^ 

SCD IOIO863 ' Polyurethane Resin 

SCD 101086k Polyurethane Prepolymer 

SCD IOIO865 Polyurethane Prepolymer 

SCD 1010866 Catalyst 

3. MATERIALS AND EQUIPMENT 

3.1 Six pound foam system per Dwg. 1006281 

3.2 Eight pound foam system per Dwg. 1010798. 
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Resin per Dwg. 1010798-1 4^.6 grams ± 1% 

Activator per Dwg. 1010798-2 5$.* grams ± 1% 

If smaller batches are to be mixed, the above weights are to be 
used as ratios. The same is true if larger batches are desired. 

5. 2.6 Components or assemblies to be encapsulated shall be placed in 
the cleaned, waxed, molds. The molds with the items to be encapsulated 
are then placed in an oven set for 138 degrees ± 5 F and allowed to remain 
therein for 30 minutes minimum. 

5. 2.7 The materials shall be mixed in the ratios specified in paragraph 
5. 2.5 at mixing speeds between 5000 and 10, 000 rpm. The mixed foam shall 
be poured as evenly as possible across the surface of the module in the pre¬ 
heated mold. 

5.2.8 Curing Cycle #1 for 8 Pound Foam 

5. 2. 8.1 This method of curing shall be used for items to be encapsulated 
that do not contain heat sensitive components. 

5. 2, 8.2 Close the mold by placing the cover in place and securing it. 

Place the closed mold on a work bench and allow to remain for five (5) 
minutes minimum. 


5. 2. 8.3 Place the mold in the 175°F ± 5°F oven and allow to remain for 
11/2 hours minimum, 

5. 2.8.4 After the allotted time has passed^ remove the mold from the 
oven, and allow to cool until it reaches 100 F or less. 

5. 2.8.5 Using the plastic headed mallet and mold jack screws, if any, 
loosen the removable sections of the mold so that the encapsulated item 
may be removed, 

5.2.9 Curing Cycle #2 for 8 Pound Foam 

5-2,9.1 This method of curing shall be used for items to be encapsulated 
that contain heat sensitive components (such as polystyrene capacitors, etc.). 


5b 





9 
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5.2.9.2 Close the mold by placing the cover in place and securing it. Place the 
closed mold on a work bench and allow it to remain for five (5) minutes minimum. 

5.2.9.3 Place the mold in the 130°F ± 5°F oven and allow to remain for 3 V 2 
hours minimum. 

5.2.9.4 After the allotted time has passed remove the mold from the oven, and allow 
to cool until it reaches 100°F, or less. 

5.2.9.5 Using the plastic headed mallet and mold jack screws, if any, loosen the 
removable sections of the mold so that the encapsulated item may be removed. 


6. PROCEDURE - Foam System C 


6.1 Daily Set-up Check 

6.1.1 At the start of each 24 hour production period, a^Check of the materials 
shall be made regarding their ability to properly encapsulate. This shall bw 
done in the following manner: 

6.1.2 The materials shall be mixed as specified in Paragraph 6.2.6. 

6.1.3 Test Method A for 2 Pound Foam - 

Ten (10) grams ♦ 0 grams -0.5 gram of the mixed foam shall be poured into an eight 
ounce unwaxed paper cup. The activated material shall remain stationary until the 
foam has hardened, (about 20 minutes). 

6.1.4 After the foam has hardened, the height of the foam shall be compared against 
the height of a standard, made in the same manner, from materials taken from freshly 
opened containers newly received in-house. Such a standard shall be made for each 
lot of material. After the lot has been used up, the standard shall be discarded 
»nd a new one made for the next lot. The height of the sample shall be equal to 
the height of the standard with a tolerance of 3* 

- 10 * 


6.1.5 Alternate Test Method B for 2 Pound Foam - 

Density at room ambient shall be 1.95 to 2.1$ pounds per cubic foot when tested 
as follows: 
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Test specimens shall he prepared by combining the material at room 
temperature per Paragraph 6.2.6, introducing 20 ± 2 grams of this 
material into a paper container with dimensions of 3 * l/2” diameter 
and 3-1/4 inches minimum in height tod allowing the sample to free 
blow and cure for a minimum of one hour at room temperature of 
1/2 hour at+150° ± 5°F. After the cure is completed, a sample of 
the foam shall be cut using the coring tool to a size convenient for 
measurement and examination. All skin shall be removed. The volume 
of this sample shall be a minimum of 1-1/2 cubic inches. The density 
of the specimen shall be determined in accordance with ASTM D-1622. 

The cured sample shall be uniform in color, shall exhibit no 

excessive voids and shall have a uniform AeH^lbructtoe, the foam surface 

shall be firm and tack free and shall not be firable. 

6.1.6 If the sample does not meet the requirements of 6.1.4 or 6.1.5, 
whichever is used, the parent batch of materials used to make the sample 
shall not be used. 

Production Procedure for Foam System C (2 Pound Foam) 

6.2.1 Cleaning -Restraining molds shall be disassembled and thoroughly 
cleaned using methyl ethyl ketone and a clean lint free cloth. 

6.2.2 Coating - All restraining mold surfaces which contact the foam 
shall be coated with a fluorocarbon base mold release or coated and 
polished with one coat of auto paste wax. 

6.2.3 Cleaning of structural Members - The interior of structural 
members shall be thoroughly cleaned ro obtain optimum adhesion of foam. 

6.2.4 Preheating - The restraining mold containing the cleaned structural 
member to be filled with foam shall be preheated at * 130° ± 5°F for 1/2 hour 
minimum prior to foaming. 

6.2.5 Method for Determining Amoune of Foam Required 

The amount of foam required is determined by the volume (cu. in.) to be 
filled and the density range (pounds per cubic foot) specified by the detail 
drawing. The minimum total weight (grams) of the foam ingredients may be 
determined by multiplying the specified minimum density (lbs/cu. ft.) by the 
total volume of the cavity to be filled (cu. in.) and by the factor 0 . 263 . 
The ■a yfnnim weight of foam ingredients may be determined s im ilarly using 
the maximum specified density. 
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If no density range is specified, the maximum total weight of foam 
ingredients (grams) shall equal 0.95 times the volume (cu. in.) of 
the cavity to be filled. The minimum total weight of the ingredients 
required shall be such that the Quality Assurance requirements of 
this specification are achieved. 

6.2.6 Mixing of 2 lb/cu. ft. System - Once the total weight of the 
foam to be used has been calculated, the components shall be Combined 
in the weights specified or in proportionate ratios when larger or 
smaller batches are required. The following weights or ratios shall 
be used: 

Polyurethane Prepolymer 1^5 grams ± 1 % 

per Drawing 1010864 

Polyurethane Resin 100 grams ± 1^ 

per Drawing 1010863 

6.2.7 Filling - After mixing as specified in Paragraph 4.2, the foam 
shall be immediately poured into the preheated structural member 
mounted within the restraining mold. 

6 . 2.8 Curing Cycle for 2 Pound Foam - The freshly poured foam shall 

be cured oven set at+lbOo ± 5 op f or 1 hour minimum. 


6.2.9 Removal of Structural Member - After the cure cycle is complete and 
the part has cooled to below lOO^F. The structural member shall be removed 
from the mold. Excess foam shall be removed from the filling ports to present 
a surface flush with Hie structural member. 


7. PROCEDURE - Foam System D 


7.1 Daily set-Up Check 


7.1.1 At the start of each 24 hour production period a check of the materials 
shall be made regarding their ability to properly encapsulate. This shall be 
done in the following manner: 
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8.6 There shall be no exposed parts, components, leads, or buss vires. 

8.7 There shall be no visible component parts or components. 


9. MOTES 


9*1 Intended Use. he intent of potting or encapsulating vith polyurethane foam 
is to provide a lightweight insulating material which will maintain the spatial 
relationship between components when such modules are subject to conditions of 
vibration, shock, and acceleration. Rigid polyurethane foams are also intended for 
use in providing rigidity to hollow structural members. Flexible polyurethanee 
molded parts are intended for use as thermal insulation. 


9*2 This document describes processes for producing rigid and flexible polyurethane 
foams from liquid components. 


9.3 Rigid foam-in-place polyurethane foam as covered by this specification, is produced 
from the reaction of a polyester resin and a di-isocyanate prepolymer. The flexible 
foam in-place polyurethane foam covered by this specification is produced from the 
reaction of a di-isocyanate prepolymer and a catalyst. A silicone oil is added 
to the prepolymer to modify the resultant cell structure. 
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8.6 There sahll be no exposed parts, components, leads, or buss vires 

8.7 There shallbe no visible component parts or components. 


8.8 The foam shall adhere to the metal substrate. Areas that exhibit lack of 

adherence between the foam and metal substrate may be repaired in accordance 
vith HD 1002235 Medthod C. Other fbmnasurface defects may be repaired per 
HD 1002235 Method A and/or B. 

9. Notes 

9.1 Intended Use. The intent of potting or encapsulating with polyurethane foam is 
to provide a lightweight insulating material vhich will maintain the spatial 
relationship between components when such modules are subject to conditions of 
vibration, shock, and acceleration. Rigid polyurethan foams are also intended for 
use in providing rigidity to hollow structural members. Flexible polyurethane 
molded parts are intneded for use as thermal insulation. 

9.2 Thid document describes process for producing rigid and flexible polyurethane 
foams from liquid components. 

9.3 Rigid foam-in-place polyurethane foam as covered by this specification, is produced 
from the reaction of a polyester resin and a di-isocyanate prepolymer. The flexible 
foam in-place polyurethane foam covered by this specification is produced from the 
reaction of a di-isocyanate prepolymer and a catalyst. A silicone oil is added 

to the prepolymer to modify the resultant cell structure. 
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PROCESS SPECIFICATION 

EPOXY BONDING OF METALLIC AND NONMETALUC MATERIALS 


The purpose of thia document is to establish the requirements for the bonding of metals, 
ceramics, glass and plastics to each ether or to combination with cashother using epoxy 
Adhesive to bp used in APOLLO Guidance and Navigation Equipment. 
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PROCESS SPECIFICATION 

EPOXY BONDING OF METALLIC AND NONMETALUC MATERIALS 


1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the bonding of metals, 
ceramics, glass plastics to each other or in combination with each other using epoxy 
adhesive. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this specification 
shall be classified as follows: 

a. Type I: Consisting of an epoxy resin and a curing agent covered by Drawing 1010682 
and Drawing 1010683, respectively. 

b. Type II: Consisting of an epoxy resin and a catalyst covered by Drawing 1010657 and 
Drawing 1010686, respectively. 

e. Type HI: Consisting of an spoxy resin compound and catalyst 
covered by Drawing 1010617 and 1006837* respectively. 

2. APPUCABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of die issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 
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PROCESS SPECIFICATION 


EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 


The purpose of this document is to establish the requirements for the bonding of metals, 
ceramics, glass and plastics to sash other or in oomblsatiss with eesA other usingoposy 
adhesive tabs used in APOLLO Guidance and Navigation Equipment. 
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PROCESS SPECIFICATION 


EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 


1.1 PURPOSE. This specification establishes the requirements for the 
bounding of metals, ceramics, glass and plastics to each other or in 
combination with each other using epoxy adhesive. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this 
specification shall be classified as follows; 

a. Type Is Consisting of an epoxy resin and a curing agent covered 
by Drawing 1010682 and Drawing 1010683, respectively. 

b. Type II: Consisting of an epoxy resin and a catalyst covered by 
Drawing 1010657,and Drawing 1010686, respectively. 

c. Type III. Consisting of an epoxy resin compound and catalyst 
covered by drawing 1010716 and 1006837, respectively. 

d. TYPE IV. Consisting of an epoxy resin and a curing agent covered 
by drawing 1006284 and drawing 1006285 respectively. 

e. Type V. Consisting of an epoxy resin and a curing agent, covered 
by drawing 1006286 and drawing 1006287 respectively. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on 

the date of invitation for bids form a part of this specification to 

the extent specified herein. 


DRAWINGS 

APOLLO G & N 
1010657 
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1006286 
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EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 


1*/ SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the 
bounding of metals, ceramics, glass and plastics to each other or in 
combination with each other using epoxy adhesive. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this 
specification shall be classified as follows; 

Type I: Consisting of an epoxy resin and a curing agent covered 
by Drawing 1010682 and Drawing 1010683, respectively. 

b. Type IIs Consisting of an epoxy resin and a catalyst covered by 
Drawing 1010667,and Draiding 1010686, respectively. 

Type III. Consisting of an epoxy resin compound and catalyst 
covered by drawing 1010716 and 1006837, respectively. 

d. TYPE IV. Consisting of an epoxy resin and a curing agent covered 
by drawing 1006284 and drawing 1006285 respectively. 

e. Type V.. Consisting of an epoxy resin*, and a curing agent covered 
by drawing 1006286 and drawing 1006287 respectively. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on 
the date of invitation for bids form a part of this specification to 
*he extent specified herein. 

DRAWINGS 

APOLLO G & N 
1010657 
1006284 
1010682 
1006286 
1010683 
1006285 
1010686 
1006287 
1010716 
PUBLICATIONS 

National Aeronautics and Space Administration 

NPC 200-2 NASA QUALITY PUBLICATION, QUALITY PROGRAM 

PROVISIONS FOR SPACE SYSTEM CONTRACTORS 
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3.1 MATERIAL. The adhesive to be used in the process covered by this specification shall 
be ae specified in the contract or applicable drawing. 

3.2 SURFACE PREPARATION u 

3.2.1 Prior to cleaning, the surfaces to be bonded shall be roughened arRfcre 

J^UCaWWp^iSipSk**t«OW»ry witffriMtsnt, or sandpaper , or equivalent. 

3.2.2 Cleaning. ■Jti&t Tso j c htoed ‘ShiUtee JdtdAamdclsttleA v s&itabt«**t*aningset vealrvat 
such as trichloroethylene, acetone or toluene (see «. 2). 

3.3 MIXING. The adhesive shall be mixed in the proportions shown in Table I. The 
ingredients shall be thoroughly mixed to insure complete homogeneity of the mixture. 

TABLE I 


' ‘ ‘ ADHESIVE COMPOSITION 



0 



mixing; Type II adhesive shall be used within 3 hours after mixing. 

Type III shall be used within 45 minutes after mixing. 

3.4 APPLICATION. The adhesive shall be applied in a thin, even film to both 
surfaces to be bonded with a brush, spatula or roller, or other suitable 
means. The parts shall then be mated and gently pressed together. Excess 
adhesive shall be removed using a cleaning solvent specified in 3.2.2. 

3 5 CURING. After application of the adhesive, a light pressure shall be 
exerted on the assembly by the use of weights or suitable clampling 
devices and the assembly cured in a circulating hot air oven in 
accordance with T-*ble II. High temperature curing shall not be used 
for materials which would be detrimentally affected by high temperatures. 

TABLE II 
























APPEARANCE* Bonded assemones snaxx enow cwnpi® 
bonded areas? there shall be no flaws or indication of lack of 
adhesion in the bonded areas* All excess adhesive shall be removed 
from the edges of the bond except where such excess is permitted by 
the contract or applicable drawing* The parts shall not exhibit 
improper positioning or alignment* 

WORKMANSHIP* The process covered by this specification shall be 
performed in accordance with the requirements of this specification. 

QUALITY ASSURANCE PROVISIONS 

PROCESS AND QUALITY CONTROL* The processor shall maintain 
sufficient process and quality control to assure that the requirements 
of this specification are met in accordance with the provisions of 
Publication NPC 2M-2. 

PREPARATION FOR DELIVERY* This section is not applicable to this 
specification* 


INTENDED USE* This process is intended dor use for bonding 
combinations of metals* ceramics* glass and plastic materials used 
in APOLLO Guidance and Navigation equipment* 

CAUTION* Acetone should not be used for cleaning Lexan materials? 
methyl alcohol should be used* 
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PROCESS SPECIFICATION 

EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 

1. SCOPE 

* 1 . 

1.1 PURPOSE. This specification establishes the requirements for the 
bounding of metals, ceramics, glass and plastics to each other or in 
combination with each other using epoxy adhesive* 

1.2 CLASSIFICATION. The adhesives used in the process covered by this 
specification shall be classified as follows; 

a. Type I* Consisting of an epoxy resin and a curing agent covered 
by Drawing 1010682 and Drawing 1010683, respectively. 

b. Type lit Consisting of an epoxy resin and a catalyst covered by 
Drawing 10106 S 7 ,and Ibra^inf 1010686, respectively. 

c. Type III. Consisting of an epoxy resin compound and catalyst 
covered by drawing 1010716 and 1006837, respectively. 

d. TYPE IV. Consisting of an epoxy resin and a waring agent covered 
by drawing 1006284 and drawing 1006285 respectively. 

e. Type V. Consisting of an epoxy resins, and a curing agent covered 
by drawing 1006286 and drawing 1006287 respectively. 

f. Type VI: Same as Type IV with the addition of 4 1 part B7 weight of 

2. *, ..--"--Silicone Dioxide.per SCD 1006277. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on 
the date of invitation for bids form a part of this specification to 
the extent specified herein. 

DRAWINGS 

APOLLO G & N 
1010657 
1006284 
1010682 
1006286 
1010683 
1006285 
1010686 
1006287 
1010716 
PUBLICATIONS 

National Aeronautics and Space Administration 

NPC 200-2 NASA QUALITY PUBLICATION, QUALITY PROGRAM 

PROVISIONS FOR SPACE SYSTEM CONTRACTORS 
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3. REQUIREMENTS 

3.1 MATERIAL. The acfcesive to be used in die process covered by this specification shall 
be as specified in the contract or applicable drawing. 

3.2 SURFACE PREPARATION 1 ^ 

3.2.1 RoMff*»ftn<nfr . Prior to cleaning, the surfaces to be bonded shall be roughened with re 

doth OfrietfiiiWktsnt, or sandpaper , or equivalent. 

3.2.2 Cleaning. Jtfee yurtso«* ♦hAM tie - ^ e itw s d wii^a snaitabt# oteaning solvent**at 

such as trichloroethylene, acetone or toluene (see 6.2). 

3.3 MIXING. The adhesive shall be mixed in the proportions shown in Table I. The 
ingredients be thoroughly mixed to insure complete homogeneity of the mixture. 


TABLE 1 

'' V ' - ADHESIVE COMPOSITION 



COMPOSITION fbbw) 1 


ADHESIVE 

wmmmi 

Semi-Rigid 

Flexible 

Pot Life 

TK>el 





Resin 

100 

</. » ■ 

- ' 

90 Minutes 

Curing Agent 

32 

- 

- 


Taa° 





Resin 

100 

100 

100. «it 

3 Hours 

Catalyst 

50 

100 

150 


Type in Resin 

100 

- 


45 Minutes 

Catalyst 

t to 4 

- , 



Tvoe IV 

Resin 

100 


^ i ;; 

20 Minutes 

Catalyst 

25 

- 

- ' j 


Type V 

. ‘ 


. a .. ! 

\ to l>s Minutes 

Resin 

100 

- ; 

- 

Catalyst 

50 

- 

- 


Type VI 

Resin 

m 




Catalyst 

HU 

- 

- 

20 Minutes 

Silicon Dioxide 

Hi 
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3.3-1 Pot Life. Type I adhesive shall be used within 90 minutes after 

mixing; Type II adhesive shall be used within 3 hours after mixing. 

Type III shall be used within 45 minutes after mixing. 

3.4 APPLICATION. The adhesive shall be applied in a thin, even film to both 
surfaces to be bonded with a brush, spatula or roller, or other suitable 
means. The parts shall then be mated and gently pressed together. Excess 
adhesive shall be removed using a cleaning solvent specified in 3.2.2. 

3.5 CURING. After application of the adhesive, a light pressure shall be 
exerted on the assembly by the use of weights or suitable clampling 
devices and the assembly cured in a circulating hot air oven in 
accordance with Table II. High temperature curing shall not be used 

for materials which would be detrimentally affected by high temperatures. 

TABLE II 


CURE REQUIREMENTS 


CURE REQUIREMENTS 
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PROCESS SPECIFICATION 

EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 
1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the 
bonding of metals, ceramics, glass and plastics to each other or in combination 
with each other using epoxy adhesive. 

1. 2 CLASSIFICATION. The adhesives used in the process covered by this 
specification shall be classified as follows: 

a. Type 1: Consisting of an epoxy resin and a curing agent covered by 
by Drawing 1010682 and Drawing 1010683, respectively. 

b. Type 11: Consisting of an epoxy resin and a curing agent covered by 
Drawing 10106S7, and Drawing 1010686, respectively. 

e. Type III: Consisting of an epoxy resin compound and curing agent 
covered by drawing 1010716 and 1010304, respectively* 

d. Type IV: Consisting of an epoxy resin and a curing agent covered 
by drawing 1006284 and drawing 1006285 respectively. 

e* Type V: Consisting of an epoxy resin and a curing agent covered by 
drawing 1006286 and drawing 1006287 respectively. 

f. Type VI. Consisting of an epoxy resin, a curing agent, and a 
silicon dioxide filler covered by drawings 1006284, 1006285, 

and 1006277 respectively. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on 
the date of invitation for bids form a part of this specification to the extent 
specified herein. 


DRAWINGS 

APOLLO GhN 

1006277 

1010657 

1006284 

1010682 

1006286 


Silicon Dioxide 
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Epoxy Resin 
Epoxy Resin 
Epoxy Resin 
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1010683 

Curing Agent, Amine 

1006285 

Curing Agent 

1010686 

Catalyst 

1006287 

Curing Agent 

1010716 

Epoxy Resin 

1010304 

Curing Agent, Amine 


PUBLICATIONS 

National Aeronautics and Space Administration - 

NPC 200-2 Nasa Quality Publication, Quality 

Program Provisions for Space System 
Contractors 

3. REQUIREMENTS 

3.1 MATERIAL. The adhesive to be used in the process covered by this speci¬ 
fication shall be as specified in Table I. 

3.2 SURFACE PREPARATION 

3. 2.1 Roughening. Prior to cleaning* the surfaces to be bonded shall be roughened 
where applicable with No. 180 emery cloth or sandpaper, or equivalent. 

3. 2. 2 Surfaces, to be bonded shall be clean and free of grease, oil, dirt, or other 
contamination which might adversely effect bond strength. 

3. 3 MIXING. The adhesive shall be mixed in the proportions shown in Table L 
The ingredients shall be thoroughly mixed to insure complete homogeneity of the 
mixture. 

TABLE I 
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TABLE I (cont’d) 
ADHESIVE COMPOSITION 



COMPOSITION (pbw) 



ADHESIVE 

Rigid 

Semi-Rigid 

Flexible 

Average Pot Life 

Type III 

Resin 

100* 1% 



45 Minutes 

Curing Agent 

3 to 4 


- — 


Type IV 

Resin 

100 * 1% 



20 Minutes 

Curing Agent 

25 * 3 V 


— 


Type V 





Resin 

100 * 1% 

_ ■ 

— 

1/2 to 11/2 

Curing Agent 

50* 2% 

— 

- — - r 

Minutes 

Type VI 

Resin 

100 a 1% 



20 Minutes 

Curing Agent 

25 a 3% 

— < 

— 


Silicon Dioxide 

0.5 to 4 

,■ —- . 

*—• 



3.3.1 The average pot life shall be as specified in Table L 


3.4 APPLICATION. The adhesive shall be applied uniformly to one or both 
surfaces to be bonded. The parts shall t* r% be mated and gently pressed to* 
gether. and an uninterrupted glue line s ..a be achieved. Excess adhesive Shall 
be removed using a suitable solvent and/or by mechanical means. 

3.5 CURING. After application of the adhesive, contact pressure shall be 
exerted on the assembly, when configuration permits, and the assembly cured 
in accordance with Table U. High temperature curing shall not be used for 
materials which would be detrimentally affected by high temperatures. 
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TABLE II 

CURE REQUIREMENTS 



CURE REQUIREMENTS 

ADHESIVE 


Temperature 

Type I 

10 minutes 

255°F * 5°F (121°C to 127°C1 

15 minutes 

205°F * 5°F ( 93°C to «q°Cl 








120 minutes 

105°F ± 5°F ( 38°C to 44°C) 

Type II 

__ 15 minutes__ 

225°F * 5°F (104°C to 110°C1 




8 hrs. min 

Room Temp | 

Type HI 

4 hours 


1 hour 



5 minutes 

Enmm 

Type IV 

30 minutes 

158°F ± 5°F (67°C to 73°Cl 

*4 hours 

Room Temp 

IK&9SH 

*5 minutes 

Room Temp 

.Type VI 

, 30 minutes 

158°F ± 5°F (67°C to 73°C) 

*4 hours 

Room Temp 


* ^Optimum properties obtained after room temp. Cure of 48 Hrs. Do not 
perform any bond strength test until a 48hr. cure at room temperature is 
completed. 

3. 6 APPEARANCE. Bonded assemblies shall show complete adhesion in 
the bonded areas, there shall be no flaws or indication of lack of adhesion 

in the bonded areas. All excess adhesive shall be removed from the edges of 
the bond except where such excess is permitted by the contract or applicable 
drawing. The parts shall not exhibit improper positioning or alignment* 

3.7 WORKMANSHIP. The process covered by this specification shall be 
performed in accordance with the requirements of this specification. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain suffi¬ 
cient process and quality Control to assure that the requirements of this speci¬ 
fication are met in accordance with the provisions of Publication NPC 200-2. 
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5. PREPARATION FOR DELIVERY. This section is not applicable to this 
specification. 

6. NOTES 

6.1 INTENDED USE. This process is intended for use for bonding combinations 
of metals, ceramics, glass and plastic materials used in APOLLO Guidance and 
Navigation equipment. 

6.2 CAUTION. Acetone should not be used for cleaning Lexaa materials; 
methyl alcohol should be used. 
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1010683 
1006285 
1010686 
1006287 
1010716 
1010304 

PUBLICATIONS 

National Aeronautic® and Space Administration - 

NPC 200-2 Naea Quality Publication. Quality 

Program Provision* for Space System 
Contractors 

3. REQUIREMENTS 

3.1 MATERIAL. The adhesive to be used in the process covered by this speci¬ 
fication shall be as specified in Table L 

3.2 SURFACE PREPARATION 

3. 2.1 Roughening. Prior to cleaning, the surfaces to be bonded shall be roughened 
where applicable with Noi 180 emery cloth or sandpaper, or equivalent. 

3.2.2 Surfaces, to be bonded shall be clean and free of grease, oil, dirt, or other 
contamination which might adversely effect bond strength. 

3.3 MIXING. The adhesive shall be mixed in the proportions shown in Table L 
The ingredients shall be thoroughly mixed to insure complete homogeneity of the 
mixture. 

TABLE I 


ADHESIVE COMPOSITION 


ADHESIVE 

COMPOSITION (pbw) 


Rigid 

Semi-Rigid 

Flexible 


Type I 

100 * 1% 

32 * 3% 

— 

— 

90 Minutes 

Resin 

, Curing Agent 

Type II 

Resin 

Curing Agent 

100 * 1% 

50 * 2% 

100 a l% 
loo a 1% 

100 * 1% 
150 * 1% 

3 Hours 


Curing Agent, Amine 
Curing Agent 
Catalyst 
Curing Agent 
Epoxy Resin 
Curing Agent, Amine 


(Rev fii) 


2 


















Ht «|fr ?«*.» :»* <*'* * '*'■***** *t *■>$ ’* ^ 'f V *” *" 


APOLLO 

G&N SPECIFICATION 
ND 1002004 
21 July 1964 


Table I (cont'd) 
ADHESIVE COMPOSITION 



COMPOSITION (pbw) 


Average Pot Life 

ADHESIVE 

Rigid 

Semi-Rigid 

Flexible 

Type III 

100 ± 1% 

3 to 4 

= 

— 

45 Minutes 

Resin 

Curing Agent 

Type IV 

Resin 

Curing Agent 

100 ± lit 

25 ± 3* 

— 

— 

20 Minutes 

lmJL 

Resin 

Curing Agent 

100 ± lit 

50 * 2* 

— 

— 

1/2 to 1 1/2 
Minutes 

Type VI 

Resin 

Curing Agent 
Silicon Dioxide 

100 t 1% 

25 ± 3* 

0.5 to 6 

— 


20 Minutes 


3.3.1 pot Life After mixing, the adhesives shall be used within the time period 
specified in Table I unless they are stored in a frozed state as specified in 3»3»2. 

3.3.2 Frogen Storage - Types I, II and III adhesives may be stored in the frozen 
state, provided the following conditions are met: 

a) The adhesive n be placed in small air-tight containers immediately 
after mixing and degassing. 

b) The size of containers to be used shall be determined by the quantity 
of adhesive normally used during the pot life specified in Table I. 

c) The containers shall be marked by means of a tag, label or color code 
to indicate the date of mixing or expiration date, and to identify the 
adhesive. 

d) The closed containers with the mixed adhesive shall be placed in a 
freezing compartment at a temperature of -40 °f or lower. 
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PROCESS SPECIFICATION 

EPOXY BONDING OF METALLIC AND NONMETALLIC MATERIALS 
1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for the 
bonding of metals, ceramics, glass and plastics to each other or in combination 
with each other using epoxy adhesive. 

1. 2 CLASSIFICATION. The adhesives used in the process covered by this 
specification shall be classified as follows: 

a. Type I: Consisting of an epoxy resin and a curing agent covered by 
by Drawing 1010682 and Drawing 1010683, respectively. 

b. Type II: Consisting of an epoxy resin and a curing agent covered by 
Drawing 1010657, and Drawing 1010686, respectively. 

c. Type III: Consisting of an epoxy resin compound and curing agent 
covered by drawing 1010716 and 1010304, respectively. 

d. Type IV: Consisting of an epoxy resin and a curing agent covered 
by drawing 1006284 and drawing 1006285 respectively. 

e. Type V: Consisting of an epoxy resin and a curing agent covered by 
drawing 1006286 and drawing 1006287 respectively. 

f. Type VI. Consisting of an epoxy resin, a curing agent, and a 
silicon dioxide filler covered by drawings 1006284, 1006285, 

and 1006277 respectively. 

g. Type VII. Consisting of an epoxy resin and a curing agent covered 
by drawing 1012533 and drawing 1010304 respectively. 

2. APPLICABLE DOCUMENTS ^ _ . . „ . 

2.1 EFFECTIVE ISSUES. The following documents of the issue m effect on 

the date of invitation for bids form a part of this specification to the extent 
specified herein. 

DRAWINGS 

APOLLO G & N 

1006277 
1010657 
1006284 
1010682 
1006286 


Silicon Dioxide 
Epoxy Resin 
Epoxy Resin 
Epoxy Resin 
Epoxy Resin 
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Table I (Cont'd) 
ADHESIVE COMPOSITION 


ADHESIVE 

COMPOSITION (pbw) 

Average Pot Life 


Rigid 

Semi-Rigid 

Flexible 

Type HI 

Resin 

Curing Agent 

100 + 1% 

3 to “3 

— 

— 

45 minutes 

Type IV 

Resin 

Curing Agent 

100 + 1% 

25 +"3% 

— 


20 minutes 

Type V 

Resin 

Curing Agent 

100 + 1% 

50 £2% 

— 


1/2 to 1 1/2 
Minutes 

Type VI 1 

Resin 

Curing Agent 
Silicone Dioxide 

ioo +1% i 

25 +“3% 1 

O.Jfto 6 

— 

1 

20 Minutes 

Type VH 

Resin 

Curing Agent 

100 + 1% 

12. S~+ 5% 

— 

— 

30 minutes 


3.3.1 Pot Life After mixing, the adhesives shall be used within the time period 
specified in Table I unless they are stored in a frozen state as specified in 3.3.2. 


3.3.2 Frozen Storage - Types I, n, and in adhesives may be stored in the frozen 
state, provided the following conditions are met: 

a) The adhesive shall be placed in small air-tight containers immediately 
after mixing and degassing. 

b) The size of containers to be used shall be determined by the quantity 
of adhesive normally used during the pot life specified in Table I. 

c) The containers shall be marked by means of a tag, label or color code 
to indicate the date of mixing or expiration date, and to identify the 
adhesive. 


d) The closed containers with the mixed adhesive shall be placed in a 
freezing compartment at a temperature of -40°F. or lower. 
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TABLE H 

CURE REQUIREMENTS 


rnmrnmmmm 

CURE 

REQUIREMENTS 



Temperature 

Type I 

10 minutes 

255°F + 5°F (121°C to 127°C) 


15 minutes 

205°F + 5°F ( 93°C to 99°C) 

25-30 minutes 

190°F + 5°F ( 85°C to 91°C) 

60 minutes 

158°F + 5°F ( 67°C to 73°C) 

120 minutes 

105°F + 5°F ( 38°C to 44 U C) 

Type II 

15 minutes 

225°F + 5°F (104°C to 110°C) 

30 minutes 

158°F + 5°F ( 67°C to 73°C) 

8 hrs. min 

Room Temp 

Type HI 

4 hours 


1 hour 


5 minutes 

255°F + 5°F (121°C to 127°C) 

Type IV 

30 minutes 

158°F + 5°F (67°C to 73°C) 

*4 hours l 

Room Temp 

Type V 

*5 minutes 

Room Temp 

Type VI 

30 minutes 

158°F + 5°F (67°C to 73°C) 

*4 hours 

Room Temp 

Type VH 

15 minutes 

225°F + 5°F (104°C to 110°C) 

30 minutes 

158°F. + 5”F (67°C to 73 U C) 

8 hrs. min 

Room Temp 


^Optimum properties obtained after room temp. Cure of 48 Hrs. Do not 
perform any bond strength test until a 48 hr. cure at room temperature is 
completed. 


3. 6 APPEARANCE. Bonded assemblies shall show complete adhesion in 
the bonded areas, there shall be no flaws or indication of lack of adhesion 
in the bonded areas. All excess adhesive shall be removed from the edges of 
the bond except where such excess is permitted by the contract or applicable 
drawing. The parts shall not exhibit improper positioning or alignment. 

3.7 WORKMANSHIP. The process covered by this specification shall be 
performed in accordance with the requirements of this specification. 


4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain suffi 
cient process and quality control to assure that the requirements of this speci¬ 
fication are met in accordance with the provisions of Publication NPC 200-2. 
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1010683 

Curing Agent, 

1006285 

Curing Agent 

1010686 

Catalyst 

1006287 

Curing Agent 

1010716 

Epoxy Resin 

1010304 

Curing Agent, 


PUBLICATIONS ■ * ~ 

National Aeronautic® and Space Administration - 

Naea Quality Publication, Quality 

_ • ._fiiri 


NPC 200-2 


nait * --* * 

Program Provision# for Space System 

Contractors 


3. REQUIREMENTS 

3.1 MATERIAL. The adhesive to be u.ed in the proce.e covered by thi. ej-ci- 

fication shall be as specified in Table L 

3.2 SURFACE PREPARATION ,Af 

3 2 1 Roughening. Prior to cleaning the .uriace. to be bonded . hALl b. roughed 
where applicablewith No, 180 emery cloth or .endpaper, or equivalent. 

3.2.2 Surface, to be bonded .hall be ^‘" d Z”'f OU * " 0t, “' 

contamination which might adversely effect bond .trength, 

« « wrvtNn The adhesive .haU be mixed in the proportion, .town to Table L 

k. “ —— ”* - 

mixture. 

TABLE I 

ADHESIVE COMPOSITION 


ADHESIVE 


Rigid 


COMPOSITION (pbw) 


Semi-Rigid 


Flexible 


. Average 

Temperature Pot Life 


Curing Agent 
Type II 
Resin 

Curing Agent 


100 A 1% 

i<xl 3 a l * 


too ± i< 
goo ± 


100 -± 1 1 
300-4 1 * 


hours & 


100 a 1% 
50 A 2% 


100 A 1% 
100 A 1% 


100 A 1% 
150 A 1% 


3 Hours 
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Type IV 


Type V 
Type VI 


Type VE 
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TABLE E 

CURE REQUIREMENTS_.___ 


jseqierements_—-— 

Temperature 


255°F + 5°F (121° C to 127°C) 
205°F + 5°F ( 93°C to 99°C) 




105°F + 5°F ( 38°C to 44”C) 



*4 hours 
*5 minutes 

30 minutes 
*4 hours 

15 minutes 
30 minutes 
“ITJms. mirT 


Room Temp _. .... 

158 b F + 5°F (67°C to 73°C) 


255°F + 5°F (121°C to 127°C) 


158°F + 5°F (67°C to 73°C) 
'Room Temp 

Room Temp ___ 

158°F + 5° F (67°C to 73°C) 
Room Te mp 

225°F + 5°F (104°C to 110°C) 
~I58°F. + 5 °F (67°C to WCT 
Room Temp — 


perform'aiy^bra^irtre^^htest^ur^ ™4™to ™cure^^r<»m t«^^r^jr<Tis 

completed. 

y wasarMfirtsrSSSSsSS - 

in the bonded area.. All excess £ ^“^ntract or applicable 

4. QUALITY ASSURANCE PROVISIONS 

ss^„^2£is£*£ <■> 
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1010683 

Curing Agent, Amine 

1006285 

Curing Agent 

1010686 

Catalyst 

1006287 

Curing Agent 

1010716 

Epoxy Resin 

1010304 

Curing Agent, Amine 


PUBLICATIONS 

National Aeronautics and Space Administration - 

NPC 200-2 Nasa Quality Publication, Quality 

Program Provisions for Space System 
Contractors 


3. REQUIREMENTS 

3.1 MATERIAL. The adhesive to be used in the process covered by this speci¬ 
fication shall be as specified in Table I. 

3.2 SURFACE PREPARATION 

3- 2.1 Roughening. Prior to cleaning, the surfaces to be bonded shall be roughened 
where applicable with No. 180 emery cloth or sandpaper, or equivalent. 

3. 2. 2 Surfaces to be bonded shall be clean and free of grease, oil, dirt, or other 
contamination which might adversely effect bond strength. 

3. 3 MIXING. The adhesive shall be mixed in the proportions shown in Table I. 
The ingredients shall be thoroughly mixed to insure complete homogeneity of the 
mixture. 


TABLE I 

ADHESIVE COMPOSITION 


ADHESIVE 

COMPOSITION (pbv/) 

Average ^oom c 


Rigid 

Semi-Rigid 

Flexible 

Temperature Pot Life 

Type I 





Resin 

Curing Agent 

100 ± 1% 
32±3% 

— 


90 min 

Type II 

Re 8 in 

Curing Agent 

100 ± 1% 

100 ± 2% 

100 * 1% 

200 * 1% 

100 ± 1% 
300 4 1% 

2-3 Hours 
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1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements tot the bonding of metals, 
ceramics, glass and plastics to each other or in combination with each other using epoxy 
adhesive* 

1.1 CLASSIFICATION. The adhesives used in the process covered by this specification shall 
be classified as follows: 

a* Type I: Consisting of an epoxy resin and a curing agent oovered by Drawing 1010682 
and Drawing 1010683, respectively. 

h* Type II: Consisting of an epoxy resin and a curing agent covered by Drawing 1010657, 
and Drawing 1010686, respectively. 

e. Type HI: Consisting of an epoxy resin compound and curing agent covered by 
Drawing 1010716 and 1010304, respectively. 

d* Type IV: Consisting of an epoxy resin and a curing agent covered by Drawing 1006284 
and Drawing 1006285 respectively. 

•* Type V: Consisting of an epoxy resin and a curing agent covered by Drawing 1006286 
and Drawing 1006287 respectively. 

^ Type VI: Consisting of an epoxy resin, a curing agent, and a silicon dioxide filler 
covered by Drawings 1006284, 1006285, and 1006277 respectively. 

g. Type VII: Consisting of an epoxy resin and a curing agent covered by Drawing 
1012533 and Drawing 1010304 respectively. 

2. APPLICABLE DOCUMENTS * 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 

DRAWINGS 

APOLLO GAN 

1006277 Silicon Dioxide 

1010657 Epoxy* Resin 
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1006284 

Epoxy Resin 

1010682 

Epoxy Resin 

1006286 

Epoxy Resin 

1010683 

Curing Agent, Amine 

1006285 

Curing Agent 

1010686 

Catalyst 

1006287 

Curing Agent 

1010716 

Epoxy Resin 

1010304 

Curing Agent, Amine 

PUBLICATIONS 



National Aeronautics and Space Administration 

NPC 200-2 NASA Quality Publication, Quality Program 

Provisions for Space System Contractors 
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U REQUIREMENTS 

S. 1 MATERIAL. The adhesive to be used In the process covered by this specification 
shall be as specified In Table I. 

TABLE I 

ADHESIVE COMPOSITION 
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3.2 SURFACE PREPARATION 

3.2.1 Roughenlig. Prior to cleaning, the aurfaoea to be bonded shall be roughened where 
applicable with No. 180 emery cloth or sandpaper, or equivalent. 

j.2.2 Surfaoea to be bonded ahall be clean and free of grease, oil, dirt, or other contam¬ 
ination which might adversely effect bond strength. 

3.3 MIXING. The adhesive shall be mixed In the proportions shown In Table L The 
Ingredients shall be thero^hly mixed to Insure complete homogeneity of the mixture. 

3 . 3.1 Pot Life. After mixing, the adhesives shall be used within the time period specified 
in Table I unless they are stored In a frozen state as specified in 3.3.2. 

3*3.2 Frozen Storage. Types I, n and in adhesives may be stored In the frozen state, 
provided the following conditions are met: 

a. The adhesive shall be placed In small air-tight containers Immediately after mixing 
and degassing. 

b. The size of containers to be used shall be determined by the quantity of adhesive 
normally used during the pot life specified in Table I* 

c* The containers shall be marked by means of a tag, label or color code to Indicate 
the date of mixing or expiration date, and to identify the adhesive. 

d. The closed containers with the mixed adhesive shall be placed In a freezing 
compartment at a temperature of -40*F or lower. 

e. The frozen adhesive shall be warmed to room temperature before opening the 
container to prevent the condensation of moisture on the adhesive. 

i. The frozen adhesive shall be used within one month after the date of mixing and 
freezing. All frozen adhesive remaining after one month from the date of mixing 
shall be discarded. 

3.4 APPLICATION. The adhesive shall be applied uniformly to one or both surfaces to be 
bonded. The parts shall then be mated and gently pressed together, and an uninterrupted glue 
line shall be achieved. Excess adhesive shall be removed using a suitable solvent and/or 
mechanical means. 

3.8 CURING. After application of the adhesive, contact pressure shall be exerted on the 
assembly, when configuration permits, and the assembly cured In accordance with Table n. 
High temperature curing shall not be used for materials which would be detrimentally affected 
by high temperatures. 
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TABLED 

CURE REQUIREMENTS 




iii 

ADHESIVE 



Type I 


BMBB51SHH1WHS1BSMB1 

IS 

MHVHbm HHHI 


25-30 minutes 

■■■BlliU HHI 

..... 

60 minu^^ 

MHB IAU :jRJ JLW4?! 

120 minutes 


^ gjinutes 

180* ±5 # F 

90 minutes 

_135* *5*F_ 

24 hours 


1 Type D 

15 minutes 


1 hour 

■MMl-i:* dJWW MMH 


_Room Temp _ 


135° ±5*F 

Type ID 

4 hours 

Room Temp__ 

1 hour 

158°F ±5°F f67°C to 73 # C1 

5 minutes 


Type IV 

30 minutes 

MMK?:U JR-U JMU4 k*JMMM 

*4 hours 


Type V 

*5 minutes 

Room Temp 

Type VI 

30 minutes 

—MECTIklUklJMI 1 — 

♦4 hours 


Type VII 

15 minutes 


30 minutes 


8 hrs. min 

J _Room Temp___1 


* Optimum properties obtained alter room temp. Cure of 48 Hrs. Do not perform any 
bond strei«th test until a 48 hr. cure at room temperature la completed. 


8.6 APPEARANCE. Bonded assemblies shall show complete adhesion in the bonded areas, 
Higi stall be no flaws or indication of lade of adhesion in the bonded areas. All excess 
adhesive shall be removed from the edges of the bond except where such excess is permitted 
by the contract or applicable drawing. The parts shall not exhibit Improper positioning or 
alignment. 

3. T WORKMANSHIP. The prooess covered by this specification shall be performed in 
accordance with the requirements of this specification. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shaU maintain sufficient prooess 
■nH quality control to assure that the requirements of this specification are met in accordance 
with the provisions of Publication NPC 200-2. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6. NOTES 

6.1 INTENDED USE. This process is intended for use for bonding combinations of metals, 
ceramics, glass and plastic materials used in APOLLO Outdance and Navigation equipment. 

6.2 CAUTION. Acetone should not be used for cleaning Lexan materials; methyl alcohol 
should be used. 
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3.3.1 Prefit parts wherever possible. Try to effect good contact between the sur¬ 
faces to be bonded. 
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4.2.3.4. 2 All welds in the sample set must not 
exhibit any of the defects defined in 
paragraph 4. 6.1 when examined under 
10 x magnification 

4.2. 3. 4.3 The pull strength of each weld shall equal 

or exceed 60 per cent of the average strength 
of the weakest parent material used as 
determined by pull strength tests of 5 samples, 
of this material. 

4. 2. 3. 4.4 A variation in the strength of sample welds 

when tested per paragraph 4.5.2 is permissible 
provided a ■ 3 60% X where: 

a. Jf equals the grand average of the average 
break strength (X) of each group of 5 samples. 

b. € is equal to K/ d 2 

c. H equals the average of the break strength 
ranges (difference between highest and lowest 
breaking strength) for each group of 5 samples. 
IT is the average of the averages for each group. 

d. d 9 * 2.326 as obtained from Table B, page 512, 
"Statistical Quality Control 'by E. L. Grant. 


4.2.3.4.5 Five weld specimens shall be available for 
metallurgical examination, although only 1 
weld needs to be sectioned longitudinally and 

I weld sectioned transversely. After polishing 
and etching, the welds shall be examined at a 
minimum of 75 diameters magnification. 

The microsections shall indicate that a satis¬ 
factory metallurgical bond has been obtained. 

Per paragraph 4T6.3. 

4.2.3.4.6 Qualification Certificate. A welding machine 
qualification work sheet shall be completed 
for the qualification of a machine which has 
not pre\ iously been qualified (or for re- 
qualification of a machine). A second qualification 
work sheet is required for the second welding 
head on a dual-head welding machine. The 
contractor shall be responsible for the specimen 
materials and the weld schedules. 


4.2. 3.4.7 


On successful Qualification of a machine, 
continued qualification will be maintained 
on the basis of continuous process control 
charts during the production phase. Re¬ 
qualification #ill be required only if the process 
goes out of control (and the process correction 
is accomplished through major machine maintenance 
or change of supply) or if the welding machine has 
undergone major preventive maintenance. 
Identification of qualified welding machines shall 


be as follows: 


Page i 
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(a) Welding machine make and aerial number. 

(b) RWMA claaa of electrodes. 

(e) Types of materials to be welded. 

(d) Quality control certification records 
(0) Date of qualification 
{ft Restrictions, if any. 

4.3 Qualification of Welding Machine Operators 

4.3.1 Conditions. All welding machine operators shall have 
successfully completed the training program as outlined 
in this document. 

4.3.2 Procedure. Qualification sequence Shall be as follows*. 

4.3.2.1 The operator shall demonstrate a working knowledge 
of the welding machine, a eid schedule, drawings as 
related to the placement of components, interconnecting 
leads, and location of welds, sad s knowledge of 
component type and component terminals. 

4.3.2.2 The operator shah prepare, daily, a sufficient n u m b er 
of acceptable welds manufactured to an approved weld 
schedule sad meeting the process eentrol requirements 
for that schedule. This shall be done for a period ef 

A not leas than five (5) consecutive working days. 

4.3.2.3 The welds, accomplished during tbs qualification poriod 
and submitted for acceptance, shall be within an acceptable 
quality level for performance and workmanship aft 

ustor mined by the quality asssraace department 

4.3.2.4 The results of visual inspection and pulling of tost 
specimens shall be recorded east* work ahoof. 

4.3.2. S When the work sheet is completed and the results 

indicate that the operator has maintained the process 
within the process limits, the operator shall be deemed 
qualified. < . 

4.3.2.6 If the operator fails to be qualified, or if qualification 

is revoked at any time, the operator shall be NMMw 
and requalified before being permitted to perform 
production welding. .' 

4.3.3 Monitoring of Personnel. The Quality Assurance Department shall 
maintain a record of qualified operators. On successful qualification 
of an operator, continued qualification will be maintained on the 
basis of scheduled process-control teats and on quality-control 
records. The records shall bear the operator's name, date of 
qualification, and restrictions, if any. Requalificatien of 

the operator is required under the following conditions: 
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(a) If the production eupervieion or cognisant Quality 
Assurance Agency has evidence that the operator a 
welding La sub-standard. 

(b) If visual inspection results in an abnormal rejection 
rate of weldments due to performance or workmanship. 

(c) If date of last submission of scheduled process specimens 
exceeds one month. 

4.3.4 Qualification of Inspection Personnel 

4.3.4.1 All Welding Inspectors shall have successfully 

completed the training program as outlined below. 

, ■■ ■■■ ithut paragraph 3. 

4.3.4.2 Procedure. Qualification sequence shall be as follows: 

4.3.4.2.1 The inspector shall demo n s t rate a working 
knowledge at the visual inspection criteria 
for welds; the ability to use .'l x magnification 
for the visual inspection, and a working 
knowledge of the pull testing equipment and 
pull testing techniques. The inspector shall 
also possess a knowledge of component lead 
materials and the ability to read drawings. 

4.3.4.2.2 The inspector shall inspect, daily, a sufficient 
number of welde (both acceptable and non- 
acceptable) in accordance with weld defect 
criteria. Thia ahall be done for a period of 
not lose than five (6) ceneecutive working 

> days. 

4.3.4.3.2 The inspector'a results uhall indicate a 
satisfactory proficiency in the judgment 
of the Quality Aseerence Department. 

4.3.4.2.4 The results of the inspection ahall be 
, recorded m\ a work sheet. 

4.3.4.2 t S When the work sheet bae been completed and 
the results indicate that the inspector has 
met the requirements of this document, the 
inspector shall be doomed qualified. 

4.3.4.3.6 If die inepecter faile to be qualified, or if 
qualification is revoked at any time, the 
inspector shall be retrained and requalified 
before beixqt pjmARed to perform visual 
inspection upon production materiel. 


Page 8 
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4. 3.5 Monitoring of Inopoctoro. The Quality Assurance Department 
•hall maintain a record of qualified inopoctoro. On oucceoaful 
qualification of an inspector, continued qualification will be 
maintained on the baoio of quality control recordo and upon 
periodic monitoring of the inspector's work. The recordo 
g h«ii bear the inapoctor*s name, date of qualification, and 
reotrictiono if any. Requalification of the inopector io 
required under the following conditions: 

(a) If manufacturing supervision or the cognisant government 
inspection agency exhibits to and verified by the Quality 
Assurance Department Evidence that the inspector's 
work is sub-standard. 

(b) If visual inspection results, when audited by the Quality 
Assurance Department indicate sub-standard work. 

(c) If date of last production material visual in s pect io n 
exceeds one (1) month. 


4.4 General ^ 

4.4.1 The quality of a resistance weld, liko ony type of quality weld. 

U the result of the investigation and selection of various 
factors during the welding operation. Some of these factors 
(or variables) in resistance weeding are as follows: 

(a) Composition and configuration of materials to bo welded. 

(b) Surface condition of materials. 

(c) Weld energy settings. 

(d) Electrode force settings. 

(e) Pulse duration. 

(f) RWMA class and configuration of electrodes. 

4.4.2 These factors are accounted Tor when either Method No. I 
or No. n are used to develop a w Id schedule. Either is 
permissible and weld schedules snail be documented fop 
each cem^jnstien ef materials. 

4.4.3 Weld Schedule Determination 

4.4.3.1 General Requirements. A weld sch e du l e Skill be 

established for oach combination of also and materials 
The weld schedule shall specify the equipment to be used, 
the type and cenfiguratien ef electrodes, the electrode 
force to bo applied, thu***#soicgyanS the tppb of otrength 
I nelTsw nsoli f mnibiitlin if mrrTTlT 1 - td*lSMPeldodi^*Eithcr 
, StcSm#d^rr»ci«n»Sm***«^ijmM«^sP^piissia»«rcld 
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The following information shall be determined for 
each welded wire combination#' 


(a) 


Average breaking strength*^** 


(b) Average tmeeMtegiblaeiiitii 

(c) Lowest permissible hmabt 




welded joint. 


4.4.3.2 


Selection of Optimum Weld Area - Method I 

4 3 .L Initial settings of the electrode pressure 

ami the welding energy for the first sample 
weld sh all be selected based on experience 
with simile** combinations of material. 

For the initial combination of heat and 
pressure five (5) w«**e shall be made and 
their breaking strength and vteual charsc* 
teristice recorded. Alternately increase 

andetecr. x . — r f -ti, » 

at the weld head when measured at the 
electrode tips) and pressure <__ i m. > in 
all directions from the initial combinatioe* 
recording the results for each set of data, 
until insufficient and burned welds result. 

From the data obtained select that combination 
which appears to give the optimum combination 
of breaking strength, visual characteristics and 
dispersion. Materials shall be welded at a 90 
plus or minus 10 degree angle to each <*her - 
Each of the 5 welds shall be tested for bcrnkfag 
ggu0l as described i njparag^^ ^^S^Pd ^ 

on an iso~strength work sheet. Alternately 
increase and decrease the heat setting on 
the welding i lachine making 5 sample welds 
at each setting until insufficient and bu rned 
welds occur. Record the average*hkeekthg 
>bm^tte load of each sample on the iso¬ 
strength work sheet. 

3 iOtentately t neutfanc s»n» dearosas .the- ^ 

•» ■■ - force setting 1 peon#* pl us q rvraim ie «ab ^ 

' *■ pwxm e>^sgiwBB»K udttyds peoigto ir ^ ’*■ 

!«ettiiigs 4 - J^ \}^ 

-and h a rped wwsae maesi r. 

JOecerd the-snmp iPttmabs-ursefcing load 

ssiigilie nr — —T*** ******* 
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,, (h> Frmn the data** tfc* overage aample 
the ar«?a » 

th« »etti^'s whit ti have r*siJt« a u* the - 
bfdt wetae. in«e<H!f those o* the 

rre.utest strewn. vises*, and 
matii«i , |{iiNU cMracteriaiics. 

4.4.3.3 Selection of Optimum Weld Area • Method Q 

4.4.3.3.1 Weld curves are dram* using the average 
break strength of ten (10) welds per point 
and the minimum weld break strength of 
each ten weld group per point. The 
electrode force is fixed for each weld 
curve. The independent Variable is the 
energy Jtito t.ie weldment. The dependent 
variable is the breaking strength of the 

weldment*wiuu, 4 * 

4.4.3.3.2 Weld Curves. The total range of the energy 
control shall be divided into ten divisions. 
Starting at the aero end of the dial, attempts 
are made to produce a weldment at each of the 
consecutive division, or at each 10% point of 
the total energy range. Ten welds are made at 
every multiple of ten divisions until a melted 
or heat destroyed weld occurs. 

The average of each group of ten * welds is 
plotted and a connecting curve is drawn. 

The minimum break strength for each group 
of ten welds is plotted and a connecting curve 
is drawn. See Figure i. 

Weld energy versus weld break strength curves 
should be drawn for electrode force settings 
of 3, §, 7, 9, U, 13, and 15 pounds. 

4.4.4 Verifindfcmof Optimum Weld Petal 

4.4.4.1 Verify the best setting combination from the data 
of the average samples. The weld setting shall 
be verified by making 60 welds meeting the require¬ 
ments of Paragraphs 4.2. 3.4.2, 4.2.3.4.3 and 
4. 2.3.4.4. , and 4. 2.3.4.5. 


4.4.4. 


2 At least 4wald settings shall he es t abl i s he d boxing this 
setting. The box shall be as shown in Figure 2 and at 
least 40 welds shjiH be made for each of these 4 box-point 


settings. The box parameters shall be obtained by4d9hg|ing 

by^ hv^o y ttte nufcsamiwsl sqalpment eimr|y a * *•»*** 

, - ttgfe f^ asw e ed pluapr minus 10 percent ^ 
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4.4.4.3 Randomly select 5 samples tor metallurgical 

examination from the welds made at the optimum 
point and each of the four box points. Visually 
inspect, with instrument of 10 diameters magnification, 
the remaining units of 35 and 55 samples each and record 
the breaking load of each specimen* 


4.4.4.4 The best combination or combinations of energy and 
electrode force for the particular materials sizes 
under consideration meeting strength, visual, and 
metallurgical criteria at optimum and box points »nau 
then be certified for production use. (See sample weld 
data sheets, figures 2 and 3).” 

4.4.4.5 Exceptional or unique conditions. At times, welding 
is performed w<th exceptional or unique conditions. 

This may result in the establishment of criteria other 
than those for standard conditions. Visual criteria., 
metallurgical characteristics, and physical requirements 
and statistical evaluation requirements may, therefore, 
be altered as a result of this analysis. These exceptions 
shall be subjected to the usual W' ld schedule program 
approval and incorporated as a part of the documented 
weld schedule. 


4.4.5 Methods of performing Breaking Strqngtl Tests 

4.4. 5.1 Test specimens are obtained by overlapping the parent 
materials at an angle of 90 plus or minus 10 degrees 
and joining them by a single weld. These specimens 
shall be visually inspected and then tested to destruction 
on pull testing machines meeting the requirements of 
paragraph 3.3.2. The breaking strength of each specimen 
and the type and location of failure shall be recorded, 
whether in the parent material, adjacent to the weld, or 
in the weld itself. Also record results of visual inspection. 


4.4.5.2 Pull testing shall be performed by one of the following 
methods: 

(a) The loading of a specimen for the torsion shear 
method of pull testing shall be as indicated in 
Figure 4. 

(b) The loading of a specimen for the T-Peel method of 
pull testing shall be as indicated in Figure 5. The 
T-Peel test method may be used as an alternate method 
when a ribbon displays evidence of tearing Mltis at 
the edge of the ribbon when subjected to the torsion 
shear method. 
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(a) The application of the applied torsion shear test 
specimen shall be as indicated in Figure 4. 

(b) 'The ultimate breaking load of the specimen and the 
type and location of failure shall be recorded, whether 
in the parent material, adjacent to the weld, or in 
the weld nugget. 


4.5 Weld Process Control 

-4.'..I as*>^iglima*ldi of . W- . OTMig. t £ mh ia aa -* 

4.5.1 ‘ Maintenance. Maintenance of welding equipment used in 
production shall be performed by qualified personnel 
as follows: 



(a) Electrode force shaH be verified on each ma c hine 
during each shift by use of a force gauge. 

(b) Electrode alignment and positioning shall be verified 
during each shut. 

(c) Electrodes shall be inspected during welding operations 
for condition and cleanliness of electrode tips at 
intervals of 50 welds but not less than twice each 
shift. Electrodes shall be cleaned or replaced by 
qualified personnel whenever spitting, pick-up, 
deterioration, oxidation, or other damage occurs. 

(d) Dressing of electrode tips shall be done with non¬ 

powdering silicon carbide abrasive, or equivalent, 
600-grit or finer, to remove pick-up and oxidation 
as required. This may also be performed by welding 
machine operators after proper instruction. * 

(e) Tapered electrodes must be replaced before surface • 
area increase^ by . 005 inch in the longeatf d i me nsion. 


(f) The 


0%0mh ssachiae, during eaah ahift, sod tor eaohweld 
schedule to bp uaed to 


verified 


(g) Equipment requalification shall be performed if 
the machine is repaired, modified, or a significant 
operational change is made. Requalification shall 
be in accordance with Paragraph 4.2. 


(h) Requalification of equipment shall not be required 
when relocation within the plant does not involve a 
change in power line if the unit remains intact. 


Page 13 
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Daily set-up procedure. Prior to production 
welding qualified personnel shall perform a daily 
check of the welding machines as follows: 

(1) visually inspect electrodes for satisfactory 
finish end configuration. 

(2) verify that all machine settings are those specified 

(3) verify machine power output, as in paragraph 4.5.1(f). 

(4) during the work shift, electrode pressure shall 
be checked at random intervals. 

(5) sample weld test as in Paragraph 4.5.2. 


<i> 


Daily set up procedure shall be repeated whenever: 


( 1 ) 

( 2 ) 

( 3 ) 


(4) 


Electrodes are changed 

Cables are changed * 

A machine weld schedule ia changed, except on 
machines having a positive mechanical or electrical 
control of settings the repeatability of which is within 
the requirements of 4. 2.3.1 and which settings were 
initially verified as per 4.5.1 <H. 

A change in other setting of the machine not requiring 

requalification of the equipment. 


Sample testing. To verify the effe ttveness of the weld-schedule 

information and welding machine operations, sampling and testing 

shall be conducted as follows: 

(a) At least once per shift a minimum of 4 weld-test specimens^ 
shall be prepared in accordance with weld schedule information. 

(b) Weld specimens shall be tested to destruction in accordance 
with Paragraph 4.4. 5. Strength for each specimen shall be 
greater than or equal to the lowest permissible strength 

listed for the particular combination of materials. 

(c) If sampling, production operator, or inspector indicates 
that the process is out of control, any weldment made 
sii.ce the previous satisfactory sampling shall be considered 
unsatisfactory until accepted by complete visual reinspection. 

I Calibration of Equipment 

4.5.3.1 Welding Machines. Electrical and mechanical 
accuracy of the equipment shall be recalibrated 
at least every 60 days by checking all items under 
Paragraph 4.2.3.1, 2, and 3. 

4.5.3.2 Test machines shall be checked at their operating 
location for accuracy at intervals not to exceed 
60 days. 

4.5.3.3 All other eqiipment listed in Paragraph 3.3 shall 
be calibrated at least every 60 days. 


Page « 
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4. 5.3. 4 All equipment that must be calibrated shall 
have attached to it a notification of the date 
the next calibration is to be performed. 

4. 5.3.5 All equipment whose calibration is past due 
shall not be used until it has been calibrated. 

4 5.4 Weld Machine History Record - A record of all major changes 
performed on each weld machine shall be maintained. Such 
items as tube replacement, cable replacement, major overhaul, 
etc. shall be recorded. All entries shall be properly dried and 
initialed. 


4.6 Quality Assurance Requirements 

4. 6.1 Visual Inspection: All production welds shall be visually 
inspected under 10 X magnification at a station other 
than the welding position for: 


4.6.1.1 

4. 6.1.2 


Presence or absence of a weld. If doubt exists 
as to the presence of a weld, verification shall 
be established through mechanical means. 

Presence or absence of gross defects. Presence 
of gross defects as follows shall be cause for 
rejection by the inspector. 

4.6.1.2.1 Any crack in or fracture of either 
parent znembe rs. 

4.6.1.2.2 A hole of any size through one or both 
of the parent members. 

4.6.1.2.3 Any hole in the parent member which 
reduces the corss sectional area of the 
member by 20 per cent or more. 


4.6.1.2.4 Any hole of which the internal extent is 
not visually determinable. 


4.6.1.2.5 Evidence of electrode marking on 

opposing sides of one member of the joint, 
indicative of excessive set down. 


4.6.1.3 Other criteria to further judge the quality of a weld 
shall be assessed and established as necessary for 
each combination of materials during weld schedule 
determination and employed as part of the above 
visual inspection. 

4.6.2 Metallurgical Inspection: Samples from the optimum and 
and box points shall be micro sectioned and examined under 
75 or greater magnification for evidence of satisfactory 
metallurgical bond. Specimens so examined shall conform 
with the following criteria. 


4.6.2.1 Set down or embei dment shall not be excessive 
as determined by the^ formula x - .054^ o r’tj#. 


_ _ ¥ _ which¬ 
ever is less, where'll - thickness of die 
thicker member, ist* thickness of thinner member# 
and x is as defined in below sketch* Page 15 

(R<rv. .Jfr 
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4. 6.2.2 Evidence of electrode marking on opposing sides 
of one member of tne joint shall not exist. 

4. 6 . 2.3 When viewed metallogr&phicaliy at least 90 per cent 
of the line of demarcation between the two members 
shall exhibit a satisfactory metallurgical bond. 

Two perpendicular sections shall be examined at 
75 X or greater as needed to verify the existence 
of a satisfactory metallurgical bond. Each section 
shall be along the longitudinal axis of one member 
and ^ to the longitudinal axis of the other member. 

4.6.2.4 Any evidence of porosity, cracks, voids or areas of 
visible separation located along the interface shall 
constitute a region of unsatisfactory bond. The total 
linear dimension of all such regions located at the 
interface shall under no circumstances exceed 10 
per cent of the total length of the line of demarcation 
between the parent members. 

4.6.2.5 Providing that the strength of the bond meets all test 
requirements and that at least 90% of the bonding 
interface exhibits a satisfactory bond, the weld shall 
be deemed satisfactory unless: 

(a) Porosity, voids or cracks are observed at 
locations other than the weld interface with 
major dimension exceeding 10 per cent of the 
thickness of the member in which they are located. 

(b) In alloy systems where low melting or brittle 
phases are possible, metallographic examination 
reveals such phases to be present and so distributed 
as to be likely to impair the weld performance. 

(c) A continuous network of cc st or dendritic structure 
is present and so distributed as to be likely to 
impair the performance of the weld under cyclically 
imposed dynamic loads. 
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4. .tow*# 1 *ill' Ait- 

,‘o^jiueu* metal: phase** acrwft most m the 
interlace. * nere win De no blow hoies or 
otner cavities and no network oi non-metallic*. 

4.8.1 General Requirements. The supplier is responsible for the 

performance of all inspection requirements as specified herein. 
Except as otherwise specified, the supplier may ui« his own or 
any other inspection facilities and services acceptable to the 
Government. Inspection records of the examination and tests 
shall be kept complete and available to the Government. The 
Government reserves the right to perform any of the inspections 
set forth in this specification where such inspections are deemed 
necessary to assure that supplies and services conform to 
prescribed requirements. 

4.0.9.1 Acceptance inspection shell be performed by the 

supplier under Government surveillance, and responsi¬ 
bility for final acceptance 4 MWU with the Government 
Representative. 

4.0.8.2 Certification and qualification requirements of this 
document shall be performed by the supplier under 
Government cognisance. 


5. TRAINING 

5.1 Indoctrination and training of personnel. Indoctrination and t raining 
of inspection and production personnel shall cover the following major 
areas as applicable. 

(a) Quality assurance requirements and reliability. 

(b) Specification requirements, familiarisation of components, weldments, 
and circuits. 

(c) * Equipment Familiarisation. 

(1) Welding machines. 

(2) Electrodes - types and maintenance 

(3) Pull testers. 

(d) Care in handling of miniature co mpone nts and circuits. 

(e) Cleanliness requirements, operator responsibilities, mid the 
need for high-quality workmanship. 

(f) Visual inspection of welds and a knowledge of the standard requirements. 

(g) Preparation and maintenance of control charts. 

(h) Eye test and dexterity. 
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5.2 Complete and comprehensive training programs for both production 
and inspection personnel shall be presented under the cognisance of 
the Quality Assurance Department, and shall include as a minim u m , 
tdl of the applicable items mentioned in paragraph 5.1. In addition, 
the Quality Assurance Department shall monitor the efforts of all 
personnel engaged in the welding program. Should the results of 
this Surveillance indicate an individual in need of further retraining 
or additional training, the person shall immediately be removed from 
the production effort and shall complete requirements in those areas 
deemed necessary. Only upon completion of the additional requirements 
shall the individual be allowed te return to the production effort. 


6. DEFINITIONS 

6.1 Microsection. A micresection is defined as a section prepared for 
metallographic examination to show the metalingraphic structure 
of the weld and/or the weld area. . ^ ; 



WELD BREAK STRENGTH IN POUNDS 
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' » 

.010- X .020- nickel ribbon welded with ten (10) 
pounds applied electrode force to .010■ X .020“ 
nickel ribbon. 



INCHES 




TRENGTM I CtKTIPlCATIOM GRAPH 


• Apollo G and N Specification 
?© 1002005 

May 22, 1963 . . 


ggniima? 

jBBBaas 

lase-si 



a wwililiL-. 

gmaaaaaaaaaa] 



11 1 i 

** I III 

It 1 '* 


H "Vi I 

• '.***£* . 
issii *i 


JJ Nt* % * 


|8«J Jpsss 

t s y 


5 is 

1 

i %<* 

« *3 


m m 5 :* 

i 1 ! 

I 5 SfcS «S5 

S» < «••(»' W* 


Weld power monitor reading* 







Figure 3 














Apollo GAN Specification 
ND 1002005 
Claes A Release 
TDRR No. 00211 
28 December 1962 


APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 

RESISTANCE-WELDED ELECTRONIC CIRCUIT 
MODULE8 AND ASSEMBLIES 


* 


Record M Revisions 



This specification consists of pace i 
to iv and 1 t*^f inclusive. 


























Apollo GAN Specification 


ND 100200$ 
May 22, 1962 


APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 
RESISTANCE-MOMS ELECTRONIC CIRCUIT 

MODULES AND ASSEMBLIES 










Apollo GAN Specification 
ND 1002005 
May 22, 1963 


APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 
RESISTANCE*WELDED ELECTRONS CIRCUIT 
MODULES AND ASSEMBLIES 


1. PURPOSE. This document covers the minimum requirements for process 
control and fabrication of applicable electronic circuit modules by use of 
resistance welding. It establishes certification and qualification require* 
ments for welding machines, materials, and operators, and defines the 
responsibilities for quality control and acceptance inspection of resistance* 
welded circuits. These requirements shall govern the following types of 
processes. 

1pe t - PoLm-ta-»joint intercom"**?*!* w* ri %t*. 

'I vrjii 11 - V,‘-H-lfc » matrix ti etc* *. 

Typt.CII ’ r Correct Ions to^oimertos* plus o* caaiponeiu teirr. .Inal#* 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of 

application at this document form a part of this document to 

the extent specified herein: 

Standards 

' i y‘***rv Mi I.- .'.Sar -#."‘.'-''4 * 'ares .a-i* it * 

is.* ipfrrtiOri *'dU OtbUtoau 

ND 1015400 Design Requirement-Specification for Procurement 
of Nickel Wire and Ribbon for Electronic Uee 

i , f ir • ■ *. 

ND 1015401 Design Requirement Spec Jlcation for Procurement 
of Component Lead and Feed Through Material: 

Iron Nickel Alloy, Copper Clad, Annealed, 

Gold Plated. 

ND 1015402 Design Requirement Specification for Procurement of 
Component Lead: Iron-Nickel-Cobalt Alloy, Annealed, 
Gold Plated. 

ND 1015403 Design Requirement Specification for Procurement of 
Terminals: Beryllium Copper Alloy, 1/2 Hard, Gold 
Plated. 

ND 1015405 Design Requirement Specification for Procurement of 
Component Lead Material: Nickel-Iron Alloy 42 (or 
Alloy 142), 1/4 Hard. 


Page 1 
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3. GENERAL REQUIREMENTS 

3.1 Fabrication. Welded electronic circuit modules and assemblies 
shall be fabricated in accordance with the applicable drawings. 

A : ' Point-tD-fxainl wire fcfercftnftectigas * Type T proresa 

t .t- app : t?aDie' itiectris:^cirruu mvaui be tfuarfa bf^weiduyf 
me&i* ,rtob*3MB <gm» atia*s t’» the comacads by the gho*H»iSt 
■or ’most' farWErucai route. ; 

. * 14 ,-* V'£k»<*'twire matrix intercr jitertkma. for Type 1C process, 

UiO applicable eiectrica*. c.icruit snail r* prefabricated 
an an uisu'atLii.; wafer and w^imd uwfriher aa a wire matrix 
at the apfccUieci locations* 

1 Cvrmerlions tp connects p i »m or component tar mins .a. 

J tji 'i\ t M r .tl snmu OB. the applicable c±ttCi'*iral circuit 
sbaM be made bv we'< ing metal’n’micn or wire to cacsmetor , 
pirn or component terminals ey dosimeter. o*r nfost practi'W* 4 

route. 

3.2 Materials. Materials shall be used that will produce reliable and 
acceptable weld*. % determined in accordance with the procedures 
herein* fome of the materials used are listed in Table I. 


Material 

Nickel Ribbon 
and Wire 


Dumet * Gold 
Plated 

Kovar - Gold 
Plated 


Interconnecting materials for 
Components in modules, com¬ 
ponent leads, gad feed through 
material. 

Component leads and fsed 
through material 

Component Leads 


Specification 
NDPS 1015400 


NDPS 1015401 


Beryllium-Copper-I Terminals 
Gold Plated 


NDPS 1015403 


Nickel-Iron 
42 Alloy - Gold 
Plated 


Component Leads 


NDPS 1015405 


Page 2 
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3.3 Equipment .*■ 

3.3.1 The welding machines shall consist of a controlled 
source of electrical energy, one or two welding heads, 
electrodes and a means of reliably controlling the energy 
and the welding force. 

(a) The pulse duration, shape, and energy delivered 
to the weldments shall be repeatable within .5 per 
cent for any given setting. 

(b) The force at the electrodes shall be repeatable to 
within 0.25 pounds. 

(c) The welding electrodes shall conform to the contractors 1 
drawings for shape, dimensions, insulation, and tip 
finish at the interface. 

3.3.2 Pull Testing Machines. Pull testing machines shall be 
provided which are capable of pulling at a uniform rate 
not to exceed 80 inches per minute linear velocity. The 
machines shall be accurate within 2 per cent of the full 
scale force readings or • 4 lb. whichever is less. 

3.3.3 Binocular Microscope: Microscope of 10 diameters 
po we r t h r weld inspection. 

3.3.4 A camera microns epe with a minimum capability of 
75 diameteser for metallurgical examination. 

3.3.3 Electrode force gauge." Not to exceed 0 to 20 pound range 
fall scale. Capable of being read to 1/8 pound division. 

3.3.6 Equipment capable of measuring the electrical output at 
the electrodes. 

*•4 Handling and Workmanship 

3.4.1 Cleaning. All surfaces to be welded shall be cleaned to 
remove wax, dirt, oil, grease, and other organic 
contaminants. Precautions shall be taken to avoid 
excessive handling of com^xment and component leads. 
Consideration shall be given to the use of finger cots or 
or other protective covering. 

3.4.2 Bending of component leads. Unnecessary bending of 
component leads shall be avoided. Precautions shall be 
taken to avoid excessive handling of wires and leads that 
may result in bending or kinking. 

3.4.3 Identification methods. Methods of identifying components 
or the polarity of their leads shall not interfere with the 
welding process or the weldability of materials. 
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3.4.4 Lot identification of electrical components shall be maintained. 

3.4.5 Insulation. Metal-covered components shall not touch each 
other* any uninsulated jumper wire* or component lead. 

Components and jumper wires shall be insulated as specified 
on the applicable drawing or specification. 

3.4.6 Precoating of components. Unless otherwise opacified,on the drawing 
component parts shall not be p r ot es ted prior to assembly and 
welding. 

3.4.7 Intersection of materials. The intersection of the inter¬ 
connecting material with the component lead for welding 
shall form an angle of 90 plus or minus 10 degrees. 

3.4.8 Damage by electrodes. To avoid possible damage by transients 
to electrical circuits* uninsulated portions of electrodes shall 
not contact any wires or component leads not being welded. 

3.4.9 Welds. All welds shall conform to quality standards Of 
paragraph 4.6. 

3*4.10 Electrode condition. Welding shall not be pccomplished with 
welding electrodes whose welding interfaces show signs of 
pitting* pick-up, deterioration, oxidation* wear, or other 
damage. Metal files shall not be used to recondition 
electrodes on the machine*.'' 1 Jfriper ro4« J *an vw 
.eha&i-imj>eripr!r,uL v , 

3.5 Certification and qualification. Welding of the assemblies 
under this requirement shall conform with the certification 
and qualification requirements specified herein and 
pass the tests specified herein. Recertification and re- 
qualification requirements, when applicable* shall conform 
to the certification and qualification requirements specified 
herein* 

3* 3 Indoctrination and training of inspection end production personnel 
shall conform to the requirements sp* cified herein. 

4. PROCESS CONTROL 

4.1 In order to insure proper control of the welding process* it shall 
be mandatory t^at the supplier meet all requirements delineated 
herein. In addition, it shall be the responsibility of the supplier's 
Quality Assurance Department to continually audit all requirements 
of this specification to assure compllgnee. 

4.2 Qualification of Welding Equipment. Prior to the use of welding 
equipment for production purposes* It ahaii be qualified as 
specified herein. 


Page 4 
(Rev. R 


Apollo GAN Specification 
ND 1002005 
May 22, 1963 


# 4 .2.1 Accuracy of meters. All meter indicators used during 
the welding process shall have a full-scale accuracy 
of plus or fpimia 2 per cent or better. 

4.2.2 Repeatability between machines. Machines of the same 
equipment model shall exhibit repeatability with respect 
to current, pulse duration, and pulse shape. The within 
machine repeatability requirements shall also apply to 
the tepeatabiUty requirements between machines. 

4.2.3 Within machine repeatability requirements. 

#.2.3.1 The glealwKif -energy at Wie *el<ttng beadkHellhave 

a repeatability at any machine setting of &par cent. 

i pct*4**%* 

4.2.3.2 The eaa^lb itthe welding head shall be measured 

and adlueted. if necessary, for current, pulse 
duration, and pulse shape, mmmts > - 

. ***■t ,% .'pgpqhimafr- ammUxqb a _ 

■ to-p l qo..ar at 4*4* g** On A.C. • 

welding machines, the thyratron outputs shall also 
bo measured and, if necessary, adjusted for balance, 

:■ tc An* or tuinufi pcirceni q^-bOOe* * In addition, 
two thyratrons of each A. C. Welder shall be 
checked and adiusted, if necessary, so that a 1 /laOt 
to 1/ 60? of a second delay exists, along the axis, 
between the top and bottom portions of the sine wave 
output, when measured using either the weld schedule 
heat setting or the midpoint of the weld heat setting 
range. 

4.2.3. 3 The force at the electrodes shall bo aacurate ^ 
and repeatable within plus or minus 0.25 -ftaipq* 


4 . 2 . 3.4 


The welding qualification of oach machine shall 
be performed on nickel material (per NDPS-1015400) 
under the cognisance of the supplier's Quality Assurance 
Group and shall moot he following requirements: 

4.2.3.4.1 One set of test specimens shall be welded 
(in accordance with an approved weld 
schedule) u sin g two . 020 inch diameter 
nickel or two . 010 x . 020 inch nickol 
ribbons, flmse welds to be made by 
an operator qualified as per paragraph 
4.3. The sat shall consist of not less 
than 50 consecutive welds. No maintenance 
attention or control deviations shall be 
permitted during the welding of specimen 
sets. Welding data shall be recorded on 
an appropriate in-house weld procedure 
w irk sheet. 
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APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 
RESISTANCE-WELDED ELECTRONIC CIRCUIT 
MODULES AND ASSEMBLIES 


1. PURPOSE. This document covers the minimum requirements 
for process control and fabrication of applicable electronic 
circuit modules by use erf resistance welding. It establishes 
certification and qualification requirements for welding machines, 
materials, and operators, and defines the responsibilities for 
quality control and acceptance inspection of resistance-welded 
circuits. These requirements shall govern the following types 
of processes. 


2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of 

application of this document form a part of this document to 

the extent specified herein: 

Standards 

ND 1015400 Design Requirement-Specification for 

Procurement of Nickel Wire and Ribbon 
for Electronic Use 

ND 1015401 Design Requirement Specification for 
Procurement of Component Lead and 
Feed Through Material: Iron Nickel 
Alloy, Copper Clad, Annealed, Gold 
Plated. 

ND 1015402 Design Requirement Specification for 

Procurement of Component Lead: 
Iron-Nickel-Cobalt Alloy, Annealed, 

Gold Platdd. 

ND 1015403 Design Requirement Specification for 
Procurement of Terminals: Beryllium 
Copper Alloy, 1/2 Hard, Gold Plated. 

Design Requirement Specification for 
Procurement of Component Lead 
Material: Nickel-Iron Alloy 42 (or 
Alloy 142), 1/4 Hard. 


ND 1015405 
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3. GENERAL REQUIREMENTS 

3.1 Fabrication. Welded electronic circuit modules and 
assemblies shall be fabricated in accordance with the 
applicable drawings. 

3.2 Materials. Materials shall be used that will produce 
reliable and acceptable welds, as determined in 
accordance with the procedures herein. Some of 
the materials used are listed in Table I. 



3.3 Equipment 

3.3.1 The welding machines s ha l l consist of a controlled 

source of electrical energy, one or two welding heads, 
electrodes and a means of reliably controlling the 
energy and the welding force. 

a. The pulse duration, shape, and energy delivered 
to the weldments shall be repeatable within 

+ 5 per cent for any given setting. 

b. The force at the electrodes shall be repeatable 
to within+ 0.25 pounds. 

c. The welding electrodes shall conform to the 
contractors 1 drawings for shape, dimensions, 
insulation, and tip finish at the interface. 

Page 2 
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3.3.2 Pull Testing Machines. Pull testing machines shall be 
provided which are capable of pulling at a uniform rate 
not to exceed 80 inches per minute linear velocity. The 
machines shall be accurate within 2 per cent of the full 
scale force readings or . 4 lb. whichever is less. 

3.3.3 Binocular Microscope: Microscope of 10 diameters 
♦ power for weld inspection. 

3.3.4 A camera microscope with a minimum capability of 

75 diameters for metallurgical examination. 

3.3.5 Electrode force gauge. Not to exceed 0 to 20 pound 
range full scale. Capable of being read to 1/8 pound 
division. 

3.3.6 Equipment capable of measuring the electrical output 
at the electrodes. 

H andling and Workmanship 

3.4.1 Cleaning. All surfaces to be welded shall be cleaned to 
remove wax, dirt, oil, grease, and other organic 
contaminants. Precautions shall be taken to avoid 
excessive h andling of component and component leads. 
Consideration shall be given to the use of finger cots 
or other protective covering. 

3.4.2 Bending of component leads. Unnecessary bending of 
component leads shall be avoided. Precautions shall 
be taken to avoid excessive handling of wires and leads 
that may result in bending or kinking. 

3.4.3 Identification methods. Methods of identifying components 
or the polarity of their leads shall not interfere with the 
welding process or the weldab i l i ty of materials. 

3.4.4 Lot identification of electrical components shall be 
maintained. 

3.4.5 Insulation. Metal-covered components shall npt # . * 
touch each other, any uninsulated jumper wire, of 
component lead. Components and jumper wires 
shall be insulated as specified on the applicable 
drawing or specification. 
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3.4.6 Precoating of components. Unless otherwise 
specified on the drawing component parts 
shall not be precoated prior to assembly and 
welding. 

3.4.7 Intersection of materials. The intersection of 
the inter-connecting materials with the component 
lead for welding shall form an angle of 90 plus 

or minus 10 degrees. 

3.4.8 Damage by electrodes. To avoid possible damage 
by transients to electrical circuits, uninsulated 
p ta t idns of electrodes shall not contact any wires 
or component leads not being welded. 

3.4.9 Welds. All welds shall conform to quality standards 
of paragraph 4.6. 

3.4.10 Electrode condition. Welding shall not be accomplished 
with welding electrodes whose welding interfaces show 
signs of pitting, pick-up deterioration, oxidation, s ei 4 
or other damage. Metal files shall not be used to 
recondition electrodes on the machine. 

3.5 Certification and qualification. Welding of the assemblies 
under this requirement "ball conform with the certification 
and qualification rdquirements specified herein and shall 
pass the tests specified herein. Recertification and re¬ 
qualification requirements, when applicable, shall conform 
to the certification and qualification requirements specified 
herein. 

3.6 Indoctrination and training of inspection and production 
personnel shall conform to the requirements specified herein. 


4. PROCESS CONTROL 

4.1 In order to insure proper control of the welding process, 

it shall be mandatory that the supplier meet all requirements 
delineated herein. In addition, it shall be the responsibility 
. of the supplier's Quality Assurance Department to continually 
audit all requirements of this specification to assure compliance. 

4.2 Qualification of Welding Equipment. Prior to the use of welding 
equipment for production purposes, it shall be qualified as 
specified herein. 

4.2.1 Accuracy of meters. All meter indicators used 

during the welding process shall have a full-scale 
accuracy of plus or minus 2 per cent or better. 
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4.2.2 Repeatability between machines. Machines 
of the same equipment model shall exhibit 
repeatability with respect to current, pulse 
duration, and pulse shape. The within 
machine repeatability requirements shall 
also apply to the repeatability requirements 
between machines. 

4.2.3 Within machine repeatability requirements. 

4.2.3.1 The electrical energy at the welding 
head shall have a repeatability at any 
machine setting of 5 per cent. 

4.2.3.2 The energy at the welding head shall 

be measured and adjusted, if necessary, 
for current, pulse duration, and pulse 
shape. On A. C. welding machines, the 
thyratron outputs shall also be measured 
and, if necessary, adjusted for balance*. 

In addition, the two thyratrons of each 
A.C. Welder shall be checked and adjusted, 
if necessary, so that a 1/120 to 1/60 of 
a second delay exists, along the axis, 
between the top and bottom portions of 
the sine wave output, when measured 
using either the weld schedule heat 
setting or the midpoint of the weld heat 
setting range. 

4.2.3.3 The force at the electrodes shall be accurate 
and repeatable within plus or minus 0.25 pound. 

4.2.3.4 The welding qualification of each machine shall 
be performed on nickel material (per ND 1015400) 
under the cognizance of the supplier's Quality 
Assurance Group and shall meet the following 
requirements: 

4.2.3.4.1 One set of test specimens shall be 
v welded (in accordance with an 

approved weld schedule) using two 
• 020 inch diameter nickel or two 
.010 x 1020 inch nickel ribbons. 

These welds to be made by an 
operator qualified as per paragraph 
4.3. The set shall consist of not less 
than 50 consecutive welds. No main¬ 
tenance attention or control deviations 
shall be permitted during the w elding 
of specimen sets. Weldmg data shall 
be recorded on an appropriate in-house 
weld procedure work sheet. * 
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4.2.3.4.2 All welds in the sample set must not 
exhibit any of the defects defined in 
paragraph 4.6.1 when examined under 
10 x magnification. 

4.2.3.4.3 The pull strength of each weld shall equal 

or exceed 60 per cent of the average strength 
of the weakest parent material used as 
determined by pull strength tests of 5 samples 
of this material. 

4.2.3.4.4 A variation in the strength of sample welds 
when tested per paragraph 4.5.2 is permissible 
provided 3? - 30~% 60% a! where: 

a. X equals the grand average of the average 
break strength (X) of each group of 5 samples. 

b. d is equal to 5/d2 

c. R equals the average of the break strength 

ranges (difference between highest and 
lowest breakingstrength) for each group 
of 5 samples. K is the average of the 
averages for each group. 

d. d 2 * 2.326 as obtained from Table B, page 512, 
" Statistical Quality Control'‘ by E. L. Grant. 

4.2.3.4.5 Five weld specimens shall be available for 
metallurgical examination, although only 1 
weld needs to be sectioned longitudinally and 

1 weld sectioned transversely. After polishing 
and etching, the welds shall be examined at a 
minimum of 75 diameters magnification. 

The microsections shall indicate that a satis** 
factory metallurgical bond has been obtained. 

Per paragraph 4.nS. 3T 

4.2.3.4.6 Qualification Certificate. A welding machine 
qualification work sheet shall be completed 
for the qualification of a machine which has 
not previously been qualified (or for re¬ 
qualification of a machine). A second qualification 
work sheet is required for a second welding 

head on a dual-head welding machine. The 
contractor shall be responsible for the specimen 
materials and the weld schedules. 


Page 6 
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4.2.3.4.7 On successful qualification of a machine, 
continued qualification will be maintained 
on the basis of continuous process control 
charts during the production phase. Re¬ 
qualification will be required only if the 
process goes out of control (and the process 
correction is accomplished through major 
machine maintenance or change erf supply) 
or if the welding machine has undergone 
major preventive maintenance. Identification 
of qualified welding machines shall be as 
follows: 

(a) Welding machine make and serial number* 

(b) RWMA class of electrodes. 

(c) Types of materials to be welded. 

(d) Quality control certification records. 

(e) Date of qualification* 

(f) Restrictions, if any. 

4.3 Qualification of Welding Machine Operators 

4* 3* 1 Conditions. All welding machine operators shall have 

successfully completed the training program as outlined 
in this document* 

4* 3.2 Procedure* Qualification sequence shall be as follows: 

4* 3.2.1 The operator shall demonstrate a working knowledge 
of the welding machine, weld schedules, drawings as 
related to the placement of components, interconnecting 
leads, and location of welds, and a knowledge of 
component type and component terminals* 

4.3.2.2 The operator shall prepare, daily, a sufficient number 
of acceptable welds manufactured to an approved weld 
schedule and meeting the process control requirements 
for that schedule. This shall be done for a period of 
not less than five (5) consecutive working days. 

4.3.2.3 The welds, accomplished during the qualification period 
and submitted for acceptance, shall be within an acceptable 
quality level for performance and workmanship as 
determined by the quality assurance department. 

4.3.2.4 The results of visual inspection and pulling of test 
specimens shall be recorded on a work sheet. 
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4.3.2.5 When the work sheet is completed and the results 

indicate that the operator has maintained the process 
within the process limits, the operator shall be deemed 
qualified. 

4.2.2.8 If the operator fails to be qualified, or if qualification 
is revoked at any time, the operator shall be retrained 
and requalified before being permitted to perform 
production welding. 


4.3.3 Monitoring of Personnel. The Quality Assurance Department shall 

maintain a record of qualified operators. On successful qualification 
of an operator, continued qualification will be maintained on the 
basis of scheduled process-control tests and on quality-control 
records. The records shall bear the operators name, date of 
qualification, and restrictions, if any. Requalification of the 
operator is required under the following conditions: 


(a) If the production supervision or cognizant Quality 
Assurance Agency has evidence that the operator s 
welding is sub-standard. 

(b) If visual inspection results in an abnormal rejection 
rate of weldments due to performance or workmanship. 

(c) If date of last submission of scheduled process specimens 
exceeds one month. 


4 . 3 .4Qualification of Inspection Personnel 

4.3.4.1 All Welding Inspectors shall have successfully 
completed the training program as outlined below. 

4.3.4.2 Procedure. Qualification sequence shall be as follows: 

4.3.4.2.1 The inspector shall demonstrate a working 
knowledge of the visual inspection criteria - 
for welds; the ability to use 10 x magnification 
for the visual inspection, and a working 

knowledge of the pull testing equipment and 

pull testing techniques. The inspector shall 
also possess a knowledge of component lead 

materials and the ability to read drawings. 

4.3.4.2.2 The inspector shall inspect, daily, a sufficient 
number of welds (both acceptable and non- 
acceptable) in accordance with weld defect 
criteria. This shall be done for a period of 

not less than five (5) consecutive working days. 
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4.3.4.2.3 The inspector's results shall indicate a 
satisfactory proficiency in the judgment 
of the Quality Assurance Department. 

4.3.4.2.4 The results of the inspection shall be 
recorded cm a work sheet. 

4.3.4.2.5 When the work sheet has been completed and 
the results indicate that the inspector has 
met the requirements of this document, the 
inspector shall be deemed qualified. 

4.3.4.2.6If the inspector fails to be qualified, or if 
qualification is revoked at anytime, the 
inspector shall be retrained and requalified 
before being permitted to perform visual 
inspection upon production material. 

4.3.5 Monitoring of Inspectors, The Quality Assurance Department 
shall maintain a record of qualified inspectors. On successful 
qualification of an inspector, continued qualification will be 
maintained on the basis of quality control records and upon 
periodic monitoring of the inspector's work. The records 
shall bear the inspector's name, date of qualification, and 
restrictions if any. Requalification of the inspector is 
required under the following conditions: 

(a) If manufacturing supervision or the cognizant government 
inspection agency exhibits to and verified by the Quality 
Assurance Department evidence that the inspector's 
work is sub-standard. 

(b) If visual inspection results, when audited by the Quality 
Assurance Department indicate sub-standard work. 

(c) If date of last production material visual inspection 
exceeds one (1) month. 

4.4 General 

4.4.1 The quality of a resistance weld, like any type of quality weld, 
is the result of the investigation and selection of various 
factors during the welding operation. Some of these factors 
(or variables) in resistance welding are as follows: 

(a) Composition and configuration of materials to be Welded. 

(b) Surface condition of materials. 

(c) Weld energy settings. 
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(d) Electrode force settings. 

(e) Pulse duration. 

(f) RWMA class and configuration of electrodes. 

4.4.2 These factors are accounted for when either Method 
No. l*or No. n are used to develop a weld schedule. 

Either is permissible and weld schedules shall be 
documented for each combination of materials. 

4.4.3 Weld Schedule Determination 

4.4.3.1 General Requirements. A weld schedule 
shall be established for each combination 
of size and materials. The weld schedule 
shall specify the equipment to be used, the 
type and configuration of electrodes, the 
electrode force to be applied, the weld 
energy and the type of strength test for 
each combination of materials to be welded. 

Either Method I or Method II for determination 
of optimum weld area may bd used. 

The following information shall be determined 
for each welded wire combination. 

(a) Average breaking strength of the weaker 
wire in the combination. 

(b) Average breaking strength of the welded joints. 

(c) Lowest permissible breaking strength of the 
welded joint. 

4.4.3.2 Selection of Optimum Weld Area - Method 1 

Initial settings of the electrode pressure and 
the welding energy for the first sample weld 
shall be selected based on experience with 
similar combinations of material. For the 
initial combination of heat and pressure 
five (5) welds shall be made and their breaking 
strength and visual characteristics recorded. 
Alternately increase and decrease energy at 
• the weld head when measured at the electrode 
tips and pressure in all directions from the 
initial combination, recording the results for 
each flat of data* insufficient and burned 
'v&te .v.ta 
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welds result. From the data obtained select 
that combination which appears to give the optimum 
combination of breaking strength, visual char act- 
eristics and dispersion. Materials shall be welded 
at a 90 plus or minus 10 degree angle to each other. 
Each of the 5 welds shall be tested for breaking 
strength as described in paragraph 4.4.5 and 
the average breaking strength recorded on an 
iso-strength work sheet* Alternately increase 
and decrease the heat setting on the welding 
machine making 5 sample welds at each setting 
until insufficient and burned welds occur. Record 
the average breaking strength of each sample on 
the iso-strength work sheet. 

4.4.3.3 Selection of Optimum Weld Area - Method II 

4.4.3.3.1 Weld curves are drawn using the 
average break strength of ten (10) 
welds per point and the minim u m 
weld break strength of each ten weld 
group per point. The electrode force 
is fixed for each weld curve. The 
independent variable is the energy 
into the weldment. The dependent 
variable is the breaking strength of 
the weldment. 

4.4.3.3.2 Weld Curves. The total range of the 
energy control shall be divided into ten 
divisions. Starting at the zero end of the 

dial, attempts are made to produce a weld¬ 
ment at each of the consecutive divisions, 
or at each 10 % point of the total energy 
range. Ten welds are made at every 
multiple of ten divisions until a melted 
or heat destroyed weld occurs. 

The average of each group of ten welds 
is plotted and a connecting curve is drawn. 
The minimum break strength for each 
group of ten welds is plotted and a 
connecting curve is drawn. See Figure 1. 

Weld energy versus weld break strength 

curves diould be drawn for electrode force 
settings of 3, 5,7,9,11,13, and 15 pounds. 
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4.4.4 Verification of Optimum Weld Point 

4.4.4.1 Verify the best setting combination from the 

data of the average samples. The weld setting 
shall be verified by making 60 welds meeting ^ 
the requirements of Paragraphs 4.2.3.4«\ *1 

4.2.3.4.3, 4.2.3.4.4, and 4.2.3.4.5. ' 

4.4.4.2 At least 4 weld settings shall be established 
boxing this setting. The box shall be as shown 
in Figure 2 and at least 40 welds shall be made 
for each of these 4 box-point settings and shall 
meet the requirements of paragraph 4.4.4.1. 

The box parameters shall be obtained by 
adjusting the electrode force plus and minus 
one pound and varying the energy at the weld 
electrodes of the optimum weld point by three 
or more times the measured equipment energy 
variability but not to exceed plus or minus 

10 percent. 

4.4.4.3 Randomly select 5 samples for metallurgical 
examination from the welds made at the optimum 
point and each of the four box points. Visually 
inspect, with instrument of 10 diameters magnification, 
the remaining units of 35 and 55 samples each and 
record the breaking load of each specimen. 

4.4.4.4 The best combination or combinations of energy^ and 
electrode force for the particular materials and 
sizes under consideration meeting strength, visual, 
and metallurgical criteria at optimum and box points, 
shall then be certified for production use. (See 
sample weld data sheets, figures 2 and 3). 

4.4.4.5 Exceptional or unique conditions. At times, welding 
is performed with exceptional or unique conditions. 
This may result in the establishment of criteria other 
than those for standard conditions. Visual criteria, 
metallurgical characteristics, and physical require¬ 
ments and statistical evaluation requirements may, 
therefore, be altered as a result of this analysis. 

These exceptions shall be subjected to the usual 
weld schedule program approval and incorporated 

as a part of the documented weld schedule. 
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4.4.5 Methods of Performing Breaking Strength Tests 

4.4.5. i Test specimens are obtained by overlapping the parent 
materials at an angle of 90 plus or minus 10 degrees 
and joining them by a single weld. These specimens 
shall be visually inspected and then tested to destruction 
• on pull testing machines meeting the requirements of 

paragraph 3.3.2. The breaking strength of each specimen 
and the type and location of failure shall be recorded, 
whether in the parent material, adjacent to the weld, or 
in the weld itself. Also record results of visual inspection. 

4.4.5.2 Pull testing shall be performed by one of the following 
methods: 

(a) The loading of a specimen for the torsion shear 
method of pull testing shall be as indicated in 

* Figure 4. 

(b) The loading of a specimen for the T-Peel method of 
pull testing shall be as indicated in Figure 5. The 
T-Peel test method may be used as an alternate method 
when a ribbon displays evidence of tearing action at 
the edge of the ribbon when subjected to the torsion 
shear method. 

(c) The application of the applied torsion shear test 
specimen shall be as indicated in Figure 4. 

(d) The ultimate breaking load of the specimen and the 
type and location of failure shall be recorded, whether 
in the parent material, adjacent to the weld, or in 
the weld nugget. 

4.5 Weld Process Control 

4.5.1 Maintenance. Maintenance of welding equipment used in 

production shall be performed by qualified personnel as 

follows: 

(a) Electrode force shall be verified on each machine 
fluking each shift by use of a force gauge. 

(b) Electrode alignment and positioning shall be verified 
during each shift. 

(c) Electrodes shall be inspected during welding operations 
for condition and cleanliness of electrode tips at intervals 

* of 50 welds but not less than twice each shift. Electrodes 
shall be cleaned or replaced by qualified personnel whenever 
spitting, pick-up, deterioration, oxidation, or other damage 
occurs. 
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(d) Dressing of electrode tips shall be done with non¬ 
powdering silicon carbide abrasive, or equivalent, 

600-grit or finer, to remove pick-up and oxidation 
as required. This may also be performed by wlding 
machine operators after proper instruction. 

(e) Tapered electrodes must be replaced before surface 
area increases by . 005 inch in the longest dimension. 

(f) The electrical energy at the welding head shall be verified 
on each machine, during each shift, and for each weld 
schedule to be used by use of equipment capable of 
measuring the electrical output of the machine. 

(g) Equipment requalification shall be performed if 
the machine is repaired, modified, or a significant 
operational change is made. Requalification shall 
be in accordance with Paragraph 4.2. 

(h) Requalification of equipment shall not be required 
when relocation within the plant does not involve a 
change in power line if the unit remains intact. 

(i) Daily set-up procedure. Prior to production welding 
qualified personnel shall perform a daily check of 
the welding machines as follows: 

(1) visually inspect electrodes for satisfactory finish 
and configuration. 

(2) verify that all machine settings are those specified 

(3) verify machine power output, as in paragraph 4.5.1(f). 

(4) during the work shift, electrode pressure shall be 
checked at random intervals. 

(5) sample weld test as in Paragraph 4.5.2. 

Cj) Daily set up procedure shall be repeated whenever: 

(1) Electrodes are changed 

(2) Cables are changed. 

(3) A machine weld schedule is changed, except on 
machines having a positive mechanical or electrical 
control of settings the repeatability of which is within 
the requirements of 4.2.3.1 and whiSh settings were 
initially verified as per 4.5.1 (i). 

(4) A change in other setting of the machine not requiring 
requalification of the equipment. 
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4.5.2 Sample testing. To verify the effectiveness of the weld- 
schedule information and welding machine operations, 
sampling and testing shall be conducted as follows: 

(a) At least once per shift ft ftreldlTtest; : ..i’J-t-rjt 
specimens shall be prepared in accordance with 
weld schedule information. 

(b) Weld specimens shall be tested to destruction in 
accordance with Paragraph 4.4.5. The average 
break strength of the five (5) samples shall be 
computed and shall meet the requirements of the 
following formula: 

Jf - .577 R op £ X 5 iX + .577 K op 

Xg * the average of the break strength of the 5 samples. 
5 * the average break strength of the optimum point 

In addition, the difference between the highest and lowest 
reading in the set of five (5) shall be obtained. This value 
shall satisfy the following formula. 

R. £ 2.1X5 
5 op 

E op * average range of the optimum point values 
computed by dividing the optimum breaking strength 
data into eleven (11) sub-groups with five (5) readings 
in each sub-group, determining the range of each sub¬ 
group (highest reading minus the lowest), adding up 
the eleven (11) ranges, and dividing by 11. 

Rj * the range of the daily sample of five (5) highest 
Waging minus the lowest reading). 

The above formulae shall be used for the establishment 
of initial process control limits. After fourteen (14) 
weld set up checks have been performed, the data 
shall be incorporated with that used for the initial 
process control limits, and new limits shall be 
calculated. Thereafter, new limits shall be re¬ 
evaluated after approximately every twenty-five (25) 
weld set up checks, or sooner, if necessary. Data 
derived from out of specification conditions must not 
be used in the recalculation of the control limits. 

(c) If the criteria of paragraph 4.5.2(b) are not met, the 
machine shall not be used for production welding until 
a thorough investigation has been performed, the cause 
determined, and either corrected or judged to be of a 
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minor nature. In addition, any weldment made 
since the previous satisfactory sampling shall 

be considered unsatisfactory until accepted by 

complete visual reinspection. Reinspection shall also 
be accomplished should an out of control condition 
be indicated by the Production Operator or the 
Inspector. 

4.5.3 Calibration of Equipment 

4.5.3.1 Welding Machines. Electrical and mechanical 
accuracy of the equipment shall he recalibrated 
at least every 60 days by checking all items under 
Paragraph 4.2.3.1, 2, and 3. 

4.5.3.2 Test machines shall be checked at their operating 
location for accuracy at intervals not to exceed 
60 days. 

4.5.3.3 All other equipment listed in Paragraph 3.3 shall 
be calibrated at least every 60 days. 

4.5.3.4 All equipment that must be calibrated shall 
have attached to it a notification of the date 
the next calibration is to be performed. 

4.5.3.5 All equipment whose calibration is past due^ 
shall not be used until it has been calibrated. 

4 . >. 4.5.4 Weld Machine History Record - A record of all major changes 
performed on each weld machine shall be maintained. Such 
items as tube replacement, cable replacement, major overham, 
etc. shall be recorded. All entries shall be properly dated and 
initialed. 

4.6 Quality Assurance Requirements 

4.6.1 Visual Inspection: All production welds s hall be visually 
inspected under 10 X magnification at a station other than 
the welding position for: 

4.6.1.1 Presence or absence of a weld. If doubt exists 
as to the presence of a weld, verification shall 

be established through mechanical means. 

4.6.1.2 Presence or absence of gross defects. Presence 

of gross defects as follows shall be cause for 
rejection by the inspector. 

4.6.1.2.1 Any crack in or fracture of either 
parent members. 
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4.6.1.2.2 A hole of any size through one or both 
of the parent members* 

4.6.1.2.3 Any hole in the parent member which 
reduces the cross sectional area of the 
member by 20 per cent or more. . 

4.6.1.2.4 Any hole of which the internal extent is 
....... not visually determinable* 

4.6.1.2.5 Evidence of electrode marking on 
opposing sides of one member of the 
joint, indicative erf excessive set down. 


4* 6* 1* 3 


Other criteria to further judge the quality of fa weld 
shall be assessed and established as necessary for 
each combination of materials during weld schedule 
determination and employed as part of the above 
visual inspection. 


4 . 6.2 Metallurgical Inspection: Samples from the optimum and 
box points shall be microsectioned and examined under 
75 or greater magnification for evidence of ® at ^f ctoI ]y 
metallurgical bond. Specimens so examined shall conform 
with the following criteria. 


4.6.2.1 Set down or embeddment shall not be excessive 

as determined by the formula x £ . 05ti or which¬ 
ever is less, lifaere h - thickness of the 3 
thicker member, t2 * thickness of thinner member, 
and x is as defined in belo^^sketch. 

—t— C3 f 


4.6.2.2 Evidence of electrode marking on opposing sides 
of one member of the joint shall not exist. 

4.6.2.3 When viewed metallogrphically at least 90 per cent 
of the line of demarcation between the two members 
shall exhibit a satisfactory metallurgical bond. 

Two perpendicular sections shall be examined at 

75 X or greater as needed to verify the existence 
of a satisfactory metallurgical bond. Each section 
shall be along the longitudinal axis of one member 
and~|_ to the longitudinal axis of the other member. 
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4.6.2.4 Any evidence of ptfrosify cracks, voids, or 
areas of visible separation located along the 
interface shall constitute a region of unsatis¬ 
factory bond. The total linear dimension of 
all such regions located at the interface shall 
under no circumstances exceed 10 per cent 
of the total length of the line of demarcation 
between the parent members. 

4.6.2.5 Providing that the strength of the bond meets 
all test requirements and that at least 90% 

of the bonding interface exhibits a satisfactory 
bond, the weld shall be deemed satisfactory 
unless: 

(a) Porosity, voids, or cracks are observed 
at locations other than the weld interface 
with major dimension exceeding 10 per 
cent of the thickness of the member in 
which they are located. 

(b) In alloy systems where low melting or brittle 
phases are possible, metallographic examination 
reveals such phases to be present and so 
distributed as to be likely to impair the weld 
performance. 

(c) A continuous network of cast or dendritic 
structure is present and so distributed as 
to be likely to impair the performance of 
the weld under cyclically imposed dynamic 
loads. 

4.6.3 General Requirements. The supplier is responsible for the 
performance of all inspection requirements as specified 
herein. Except as otherwise specified, the supplier may 
use his own or any other inspection facilities and services 
acceptable to the Government. Inspection records of the 
examination and tests shall be kept complete and available 
to the Government. The Government reserves the right to 
' perform any of the inspections set forth in this specification 
where such inspections are deemed necessary to assure that 
supplies and services conform to prescribed requirements. 

4.6.3.1 Acceptable inspection shall be performed by the 
supplier under Government Surveillance and responsi¬ 
bility for final acceptance rests with the Government 
Representative. 

4.6.3.2 Certification and qualification requirements of this 
document shall be performed by the supplier under 
Government cognizance. 
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5. TRAINING 

5.1 Indoctrination and training of personnel. Indoctrination and 
training of inspection and production personnel shall cover the 
following major areas as applicable. 

(a) Quality assurance requirements and reliability. 

(b) Specification requirements, familiarization of components, 
weldments, and circuits* 

(c) Equipment Familiarization. 

(1) Welding machines. 

(2) Electrodes - types and maintenance 

(3) Pull testers. 

(d) Care in handling of miniature components and circuits* 

(e) Cleanliness requirements, operator responsibilities, and the 
need for high-quality workmanship. 

(f) Visual inspection of welds and a knowledge of the standard 

requirements* ‘ 

(g) Preparation and maintenance of control charts* * 

(h) Eye test and dexterity. 

5.2 Complete and comprehensive training programs for both production 
and inspection personnel shall be presented under the cognizance of 
the Quality Assurance Department, and shall include, as a min im u m , 
all of the applicable items mentioned in paragraph 5.1. In addition, 
the Quality Assurance Department shall monitor the efforts of all 
personnel engaged in the welding program. Should the results of 
this surveillance indicate an individual in need bf further retraining 
or additional training, tl 3 person shall immediately be removed from 
the production effort and shall complete requirements in those areas 
deemed necessary. Only upon completion of the additional requirements 
pHaii the individual be allowed to return to the production effort. 

6. DEFINITIONS 

6.1 Microsection. A microsection is defined as a section prepared for 
metallographic examination to show the metallographic structure 
of the weld and/or the weld area. 
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APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 
RESISTANCE-WELDED ELECTRONIC CIRCUIT 
MODULES AND ASSEMBLIES 


1 PURPOSE* This document covers the minimum requirements 
for process control and fabrication of applicable electronic 
circuit modules by use of resistance welding. It establishes ^ 
certification and qualification requirements for welding machines, 
materials, and operators, and defines the responsibilities for 
quality control and acceptance inspection of resistance-welded 
circuits. These requirements shall govern the following types 
of processes. 


2 . 


APPLICABLE DOCUMENTS 


2.1 


The following documents of the issue in effect on the date of 
application of this document form a part of this document to 
the extent specified herein: 


Standards 
ND 1015400 

ND 1015401 

ND 1015402 

ND 1015403 

ND 1015405 


Design Requirement-Specification for 
Procurement of Nickel Wire and Ribbon 
for Electronic Use 

Design Requirement Specification for 
Procurement of Component Lead and 
Feed Through Material: Iron Nickel 
Alloy, Copper Clad, Annealed, Gold 
Plated. 

Design Requirement Specification for 
Procurement of Component Lead: 
Iron-Nickel-Cobalt Alloy, Annealed. 
Gold Platdd. 

Design Requirement Specification for 
Procurement of Terminals: Bery lli u m 
Copper Alloy, 1/2 Hard, Gold Plated. 

Design Requirement Specification for 

Procurement of Component Lead 
Material: Nickel-Iron Alloy 42 (or 
Alloy 142), 1/4 Hard. 
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3.3.2 Pull Testing Machines. Pull testing machines 
provided which are capable of pulling at a uniform rate 
net to exceed 80 inchea per minute linear velocity. The 
machines shall be accurate within 2 per cent of the full 
scale farce readings or . 4 lb. whichever is less. 

8.3.3 Binocular Microscope: Microscope of 10 diameters 
power for weld inspections 

3.3.4 A camera microscope with a minimum capability of 

75 diameters for metallurgical examinations 

3.3o 5 Electrode force gauge. Not to exceed 0 to JOpoimd 
range full scale. Capable of being read to 1/8 pound 
'division* ^ v - * - .. ’ 

3 . 3 . 5 Equipment capable of measuring the electrical output 
at the electrodes* , . . 

Ha nding and Workmanship * 

3 4,1 Cleaning. All surfaces to be welded shall be cleaned to 
remove wax, dirt, oil, grease, and ether organic 
contaminant. Precautions shaU b. taken to woid 

excessive handling of component and compOTMt leads. 

Consideration shall be given to the use of finger cots 

or other protective coverings 

3.4.2 Bending of component leads. Unneccssarybendlngof 
component leadsshall be avoided. Pj.cautien.shaU, 
be taken to avoid excessive handling of wires and leads 

that may result in bending or kinkingo 

3 4 3 Identification methods. Methods of identifying 

or Sieparity of their leads shall not interfere with the 
weldingprocess or the weldability of materials. 

3.4.4 Lot identification of electrical components shall be 
maintained. 

3.4.5 Insulation. Metal-covered components shall npt. * 
touch each other, any uninsulated jumper wire, or 
component lead. Component*landjumper wires 
shall be insulated as specified on the applicable 
drawing or specificatione 
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4 .2.2 Repeatability between machines. Machines 
of the same equipment model shall exhibit 
repeatability with respect to current, pulse 
duration, and pulse shape. The within 
machine repeatability requirements shall 
also apply to the repeatability requirements 
between machines. 

4.2.3 Within machine repeatability requirements. 

4.2.3.1 The electrical energy at the welding 
head shall have a repeatability at any 
machine setting of 5 per cent. 

4.2.3.2 The energy at the welding head shall 

. be measured and adjusted, if necessary, 
for current, pulse duration, and pulse 
shape. On A.C. welding machines, the 
thyratron outputs shall also be measured 
and, if necessary, adjusted for balance* 

In addition, the two thyratrons of each 
A.C. Welder shall be checked and adjusted, 
if necessary, so that a 1/120 to 1/60 of 
a second delay exists, along the axis, 
between the top and bottom portions of 
the sine wave output, when measured 

using either the weld schedule heat 

setting or the midpoint of the weld heat 
setting range. 

4. 2.3.3 The force at the electrodes shall be accurate 
and repeatable within plus or minus 0.25 pound. 

4.2.3.4 The welding qualification of each machine shall 
be performed on nickel material (per ND 1015400) 
under the cognizance of the supplier's Quality 
Assurance Group and shall meet the following 
requirements: 

4.2.3.4.1 One set of test specimens shall be 
* welded (in accordance with an 

-*■ approved weld schedule) using two 

.020 inch diameter nickel or two 
.010 x 1020 inch nickel ribbons. 

These welds to be made by an 
operator qualified as per paragraph 
4.3. The set shall consist of not less 
than 50 consecutive welds. No main¬ 
tenance attention or control deviations 
shall be permitted during the welding 
of specimen sets. Welding data shall 
be recorded on an appropriate in-house 
weld procedure work sheet. 
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4 . 2.3. 4 . 2 All welds in the sample set must not 
exhibit any of the defects defined in 
paragraph 4.6.1 when examined under 
10 x magnification. 

4 . 2.3. 4 . 3 The pull strength of each weld shall equal 

or exceed 60 per cent of the average strength 
of the weakest parent material used as 
determined by pull strength tests of 5 samples 
of this material. 

4.2.3.4.4 A variation in the strength of sample welds 
when tested per paragraph 4.5.2 is permissible 
provided - 3^^. 60% xl where: 

a. X equals the grand average of the average 
break strength (X) of each group of 5 samples. 

b. d is equal to H/dg 

c. R equals the average of the break strength 

ranges (difference between highest and 
lowest breakingstrength) for each group 
of 5 samples. R is the average of the 
averages for each group. 

d. do * 2.326 as obtained from Table B, page 512 # 
"Statistical Quality Control" by £. L. Grant. 

4 . 2.3. 4 . 5 Five weld specimens shall be available for 
metallurgical examination, although only 1 
weld needs to be sectioned longitudinally and 

1 weld sectioned transversely. After polishing 
and etching, the welds shall be examined at a 
minimum of 75 diameters magnification. 

The microsections shall indicate that a satis**- 
factory metallurgical bond has been obtained. 

Per paragraph 4. 6.3. 

4.2.3.4.6 Qualification Certificate. A welding machine 
qualification work sheet shall be completed ; 
for the qualification of a machine which has 

not previously been qualified (or for re¬ 
qualification of a machine). A second qualification 
work sheet is required for a second welding 
head on a dual-head welding machine. The 
contractor shall be responsible for the specimen 
materials and the weld schedules. 


Page 6 
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(d) Electrode force settings. 

(e) Pulse duration. 

(f) RWMA class and configuration of electrodes. 

4.4.2 These factors are accounted for when either Method 
No. l s or No. II are used to develop a weld schedule. 

Either is permissible and weld schedules shall be 
documented for each combination of materials. 

4.4.3 Weld Schedule Determination 

4.4.3.1 General Requirements. A weld schedule 
ffhnii be established for each combination 
of size and materials. The weld schedule 
shall specify the equipment to be used, the 
type and configuration of electrodes, the 
electrode force to be applied, the weld 
energy and the type of strength test for 
each combination of materials to be welded. 

Either Method I or Method 11 for determination 

“ of optimum weld area may b# used. 

The following information shall be determined 
for each welded wire combination. 

(a) Average breaking strength of the weaker 
wire in the combination. 

(b) Average breaking strength of the welded joints. 

* (c) Lowest permissible breaking strength of the 

welded joint. 

4.4.3.2 Selection of Optimum Weld Area - Method I 

Initial settings of the electrode pressure and 
the welding energy for the first sample weld 
shall be selected based on experience with 
similar combinations of material. For the 
initial combination of heat and pressure 
five (5) welds shall be made and their breaking 
strength and visual characteristics recorded. 
Alternately increase and decrease energy at 
the weld head when measured at the electrode 
tips nr> d pressure in all directions from the 
initial combination, recording the results for 
aacfc«et of n«tn insufficient and burned 
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welds result. From the data obtained select 
that combination which appears to give the optimum 
combination of breaking strength, visual charact- 
eristics and dispersion. Materials shall be welded 
at a 90 plus or minus 10 degree angle to each other. 

Each of the 5 welds shall be tested for breaking 
strength as described in paragraph 4.4.5 and 
the average breaking strength recorded on an 
iso-strength work sheet. Alternately increase 
and decrease the heat setting on the welding 
machine making 5 sample welds at each setting 
until insufficient and burned welds occur. Recora 
the average breaking strength of each sample on 
the iso-strength work sheet. 

4.4.3.3 Selection of Optimum Weld Area - Method H 

4.4.3.3.1 Weld curves are drawn using the 
average break strength of ten (10) 
welds per point and the minimum 

weld break strength of each ten weld 

group per point. The electrode force 
is fixed for each weld curve. The 
independent variable is the energy 
into the weldment. The dependent 
variable is the breaking strength of 
the weldment. 

4.4.3.3.2 Weld Curve.. Tb» U*»l Ti sage <rf the 
energy control shall be divided into ten 
divisions. Starting at the zero end of the 
dial, attempts are made to produce a weld¬ 
ment at each of the consecutive divisions, 
or at each 10% point of the total energy 

range. Ten welds are made at every 

multiple of ten divisions until a melted 

or heat destroyed weld occurs. 

The average of each group of ten welds 
is plotted and a connecting curve is drawn. 
The ywinimum break strength for each 
group of ten welds is plotted and a 
connecting curve is drawn. See Figure I. 

Weld energy versus weld break strength 
curves diould be drawn for electrode force 
settings of 3, 5,7,9,11,13, and 15 pounds. 
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4.4.5 Methods of Performing Breaking Strength Tests 

4.4.5.1 Test specimens are obtained by overlapping the parent 
materials at an angle of 90 plus or minus 10 degrees 
and joining them by a single weld. These specimens 
( fhaii be visually inspected and then tested to destruction 
on pull testing machines meeting the requirements of 
paragraph 3.3.2. The breaking strength of each specimen 
and the type and location of failure shall be recorded, 
whether in the parent material, adjacent to the weld, or 

in the weld itself. Also record results of visual inspection. 

4 . 4 . 5.2 Pull testing sh all be performed by one of the following 
methods: 

(a) The loading of a specimen for the torsion shear 
method of pull testing shall be as indicated in 

• Figure 4. 

(b) The loading of a specimen for the T-Peel method of 
pull testing shall be as indicated in Figure 5. The 
T-Peel test method may be used as an alternate method 
when a ribbon displays evidence of tearing action at 
the edge of the ribbon when subjected to the torsion 
shear method. 

(c) The application of the applied torsion shear test 
specimen shall be as indicated in Figure 4. 

(d) The ultimate breaking load of the specimen and the 
type and location of failure shall be recorded, whether 
in the parent material, adjacent to the weld, or in 
the weld nugget. 

4.5 Weld Process Control 

4.5.1 Maintenance. Maintenance of welding equipment used in 

production shall be performed by qualified personnel as 

follows: 

(a) Electrode force shall be verified on each machine 
{fusing each shift by use of a force gauge. 

(b) Electrode alignment and positioning s h al l be verified 
during each shift. 

(c) Electrodes shall be inspected during welding operations 

•, for condition and cleanliness of electrode tips at intervals 
1 of 50 welds but not less than twice each shift. Electrodes 
shall be cleaned or replaced by qualified personnel whenever 
spitting, pick-up, deterioration, oxidation, or other damage 
occurs. 

Page 13 
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(d) Dressing of electrode tips shall be done with non¬ 
powdering silicon carbide abrasive, or equivalent, 

600-grit or finer, to remove pick-up and oxidation 
as required. This may also be performed by wlding 
machine operators after proper instruction. 

(e) Tapered electrodes must be replaced before surface 
area increases by .005 inch in the longest dimension. 

(f) The electrical energy at the welding head shall be verified 
on each machine, during each shift, and for each weld 

schedule to be used by use of equipment capable of 

measuring the electrical output of the machine. 

(g) Equipment requalification shall be performed if 
the machine is repaired, modified, or a significant 
operational change is made. Requalification shall 
be in accordance with Paragraph 4.2. 

(h) Requalification of equipment shall not be required 
when relocation within the plant does not involve a 

change in power line if the unit remains intact. 

(i) Daily set-up procedure. Prior to production welding 

qualified personnel shall perform a daily check of 

the welding machines as follows: 

(1) visually inspect electrodes for satisfactory finish 
and configuration. 

(2) verify that all machine settings are those specified 

(3) verify machine power output, as in paragraph 4.5.1(f). 

(4) during the work shift, electrode pressure shall be 
checked at random intervals. 

(5) sample weld test as in Paragraph 4.5.2. 

(j) Daily set up procedure shall be repeated whenever: 

(1) Electrodes are changed 

(2) Cables are changed. 

(3) A machine weld schedule is changed, except on 
machines having a positive mechanical or electrical. 
control of settings the repeatability of which is within 
the requirements of 4.2.3.1 and whith settings were 
initially verified as per 4.5.1 (i). 

(4) A change in other setting of the machine not requiring 
requalification of the equipment. 
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3.3.2 Pull Testing Machines. Pull testing machines shall be 
provided which are capable of pulling at a uniform rate 
not to exceed 80 inches per minute linear velocity. The 
machines shall be accurate within 2 per cent of the full 
scale ferce readings or • 4 lb. whichever is less. 

3.3.3 Binocular Microscope: Microscope ef 19 diameters 
power for weld inspection. 

3.3.4 A camera microscope with a minimum capability of 
75 diameters for metallurgical examination. 

3.3.5 Electrede force gauge. Not to exceed 0 to 20 pound 

range full scale. Capable of being read to 1/8 pound 
division. ^ s ^ . 

3.3.6 Equipment capable ef measuring the electrical output 

at the electrodes. * 

3.4 HANDLING AND WORKMANSHIP - • 

3. 4 J♦ 4.. Geoflpsuk.- All^xeldiaeiits and assemblies shall comply with the require¬ 

ments of ND1002069 for worimanship,fabrication,and inspection. 

3.4. $ Cleaning. All surfaces to be welded shall be cleaned to 

remove wax, dirt, oil, grease, and ether organic 
cont aminan ts . Precautions shall be taken to avoid 
excessive handling of component and component leads. 
Consideration shall be given to the use ef finger cots 
or other protective covering. 

3.4.5 Bending ef component leads. Unnecessary bending ef 
component leads shall be avoided. Precautions shall 
be taken to avoid excessive handling of wires and leads 
that may result in bending or kinking. 

3.4. % Identification methods. Methods of identifying components 

or the polarity of their leads shall not interfere with the 
welding process or the weldability of materials. 

3.4. $ Lot identification of electrical components shall be 

maintained. 

3.4.6 Insulation. Metal-covered components shall not . 
touch each ether, any uninsulated jumper wire, br " 
component lead. Components and jumper wires 
shall be insulated as specified on the applicable 
drawing or specification. 
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This document has been prepared for the purchase of 
material used in the manufacture of components; the performance 
requirements and tolerance of the components; the construction 
specifications; and inspection and test procedures for the com¬ 
ponents, used on Apollo G and N Equipment. 

This document shall be used to check that parts and ma¬ 
terials are procured, assembled, and tested to the latest ap¬ 
proved and/or authenticated documentation. Incase of conflict 
between this document and drawings and/or specif!Sations the 
document with the latest date applies. 
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APOLLO REQUIREMENTS 
FOR PROCESS CONTROL AND FABRICATION OF 
RESISTANCE-WELDED ELECTRONIC CIRCUIT 
MODULES AND ASSEMBLIES 


SCOPE 

I 1 Purpose. This document covers the minimum requirements for process control 

ani fabrication of applicable electronic circuit modules by use of resistance 
welding. It establishes certification and qualification requirements for 
welding machines, materials, and operators, and defines the responsi¬ 
bilities for quality control and acceptance inspection of resistance- 
welded circuits. 

1.2 Scope. This requirement covers the following types of processes: 

Type I - Point-to-point interconnecting wiring. 

Type II - Welded matrix interconnecting wiring. 

Type 111 - Connections to connector pine or component terminals. 

1 3 Precedence. In the following areas when such area# are not explicitly 

defined by other drawings or documents, the requirements herein shall 
take precec.nce. 

(a) Operator qualification and welding machine certification. 

(b) Weld-schedule determination and verification. 

(c) Welding workmanship and welding process control. 

(d) Quality assurance. 

REFERENCE DOCUMENTS 

2 1 The following documents of the issue in effect on the date of application 

of this document form a part of this document to the extent specified 
herein: 

Specifications 

Military MIL-I-16923 Insulating compound, electrical, embedding. 
Standards 

MIL-STD-105B Sampling procedures and tables for inspec¬ 
tion by attributes. 
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PROCESS FOR STAKING AND/OR EMBEDDING ELECTkONIC COMPONENTS 
WITH SILICONE RUBBER; VARIOUS METHODS 

1. The purpose of this document is to establish four methods for staking 

and/or embedding electronic components or assemblies with a silicone 
rubber compound. This document is intended for use in the APOLLO 
Guidance and Navigation Equipment program. 
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PROCESS FOR 

STAKING AND/CR EA/BEDDING 
ELECTRONIC CCMPOAENTS OR ASSEMBLIES 
KITH SILICON RUBBER| VARIOUS METHODS 


1.1 Scope. This document covers five methods of staking and/or 
embedding electronic components or assemblies with a silicone rubber compound. 

1.1.1 Method A covers the procedure for a diluted silicone rubber system 
with a pot life Of 1 to 2 hour, and a curing cycle of 24 houra at ^“" temperature or 
an accelerated heat cure of 2 to 3 hour, at 70 ♦ 2 degree* C (158 ♦ 4 degree. F). 

1.1.2 Method B cover, the procedure for an undiluted, mediua viscosity 
silicone rubber system with a pot life of 10 to 20 minute, and curing cycle of thirty 
minutes at room temperature. 

1.1.3 Method C covers the procedure for a diluted silicone rubber system 
with a pot life of 10 to 20 minute, and a curing cycle of thirty minute, at room 
temperature. 

114 Method D covers the procedure for an undiluted low viscosity silicoie 
rubber sy.tim’with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature, or an accelerated heat cure of 2 to 3 hour, at 70 ♦ 2 degree. C 1158 _ 
degrees F). 

1 1.5 Method E cover, the procedure for a diluted or undiluted silicone 
rubber system, red in color, with a pot life of 1 to 2 hours and a curing cycle of 
24 hours at room temperature or an accelerated heat cure of 2 to 3 hour. 

♦ 2° C (158° F ♦ 4°F). 

2. APPLICABLE DOCUWKTS 

2.1 The following documents of the issue in effect on the date for invita¬ 
tion for bids form a part of thi. specification to the extent specified herein. 
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1. 


The purpose of this document is to establish six methods for staking 
and/or embedding electronic components or assemblies with a silicone 
rubber compound. This document is intended for use in the APOLLO 
Guidance and Navigation Equipment program. 
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PROCESS FOR 

STAKING AND/OR EMBEDDING 
ELECTRONIC COMPONENTS OR ASSEMBLIES 
WITH SILICONE RUBBER; VARIOUS METHODS 


1. 


SCOPE 


1.1 Scope. This document covers six methods of staking and/or j 

embedding electronic components or assemblies with a silicone rubber compound,. 


1.1.1 Method A covers the procedure for a diluted silicone rubber $ t 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room f : 
temperature or an accelerated heat cure of 5 hours at 70 ± 2 degrees C (158 
± 4 degrees F). 


i ■: 


1.1.2 Method B covers the procedure for an undiluted, medium 
viscosity silicone rubber system with a pot life of 10 to 28 minutes and curing 
cycle of thirty minutes at room temperature. 


1.1.3 Method C covers the procedure for a diluted silicone rubber f 
system with a pot life of 10 to 20 minutes and a curing cycle of thirty minutes at h 
room temperature. £ 


1.1.4 Method D covers the procedure for an undiluted low viscosity 5 
silicone rubber system with a pot life of l to 2 hours and a curing cycle of 24 I 
hours at room temperature, or an accelerated heat cure of 2 to 3 hours at 70 [ 
± 2 degrees C (158 ± 4 degrees F). | 


1.1.5 Method E covers the procedure for a diluted or undiluted 
silicone rubber system, red in color, with.a pot life of 1 to 2 hours and a 


curing cycle of 24 hours at room temperature or an accelerated heat cure of 
2 to 3 hours at 70° C ± 2° C (158° F * 4°F). 


1.1.6 Method F covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 ± 2 degrees C (158 
± 4 F). This method utilizes a vacuum technique, resulting in a vfcdd free 
encapsulation. 


2 . 

2.1 


APPLICABLE DOCUMENTS 

The following documents of the issue in effect on the date 
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1. The purpose of this document is to establish KdWfciaithWi for-staking 
and/or embedding electronic components or assemblies with a silicone 
rubber compound. This document is intended for use in the APOLLO 
Guidance and Navigation Equipment program. 
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PROCESS FOR 

STAKING AND/OR EMBEDDING 
ELECTRONIC COMPONENTS OR ASSEMBLIES 
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1. SCOPE 

1.1 This document covers the process requirements for seven 
methods of staking and/or embedding electronic components or assemblies 
with a silicone rubber compound. 

1.1.1 Method A covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 * 2 degrees C 
(158 4 5 degrees F). 

1.1. 2 Method B covers the procedure for an undiluted, medium 
viscosity silicone rubber system with a pot life of 10 to 20 minutes and 
curing cycle of thirty minutes at room temperature. 

1.1. 3 Method C covers the procedure for a diluted silicone rubber 
system with a pot life of 10 to 20 minutes and a curing cycle of thirty min¬ 
utes at room temperature. 

1.1. 4 Method D covers the procedure for an undiluted low viscosity 
silicone rubber system with a pot life of 1 to 2 hours and a curing cycle of 24 
hours at room temperature, or an accelerated heat cure of 5 hours at 
70 a 2 degrees C (158 a 5 degrees F). 

1.1. 5 Method E covers the procedure for a diluted or undiluted sili¬ 
cone rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature. 

1.1. 6 Method F covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 a 2 degrees C 
(158 a5 degrees F). This method utilises a vacuum technique, resulting in 
a void free encapsulation. 
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1.1. 7 Method G covert the procedure for a diluted or undiluted 
silicone rubber system* red in color* with a pot life of 1 to 2 hours and 
a curing cycle of 24 hours at roomjtemperature or an accelerated heat 
cure of 5 hours at 70 C i 2 C (158 F 8 5 F). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to 

the extent specified herein. 

DRAWINGS 

Apollo GAN Specifications - 


1006834 

Silicone Rubber Compound 

1006720 

Silicone Rubber Compound 

1006835 

Curing Agent 

1006721 

Curing Agent 

1006722 

Silicone Thinner 

1006683 

Silicone Rubber Compound 

1010718 

Primer Adhesive* Air Drying* 
Silicone Rubber 

1010849 

Silicone Rubber (RTV) Encapsulate 


(Copies of specifications* standards* drawings* and publications required by 
contractors in connection with specific procurement functions should be 
obtained from the procuring agency* or as directed by the contracting officer.) 

3. PROCESS REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the silicone resin 
system shall be clean and free of grease* oil* dirt* or other contamination 
which might adversely effect adhesion of the resin. 

3.2 Mold Preparation 

3. 2.1 If used* tooling molds shall be cleaned by mechanical or 
chemical methods which will not have a deleterious effect on the service* 
ability of the part or subsequent processing. 


3.3 Priming 
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3.3.1 In Method F (See Table I) of this specification, surfaces to 
be covered or contacted by the silicone resin system shall be primed with 
primer per 1010718. Use of primer in method A thru E shall be optional. 

3.4 Staking or Embedding 

3. 4.1 The materials, mixing proportions, pot life and curing cycle 
shall be as specified in Table I. Materials shall be mixed thoroughly to 
insure complete homogeneity. Deaeration of materials before, during, 
and/or after mixing and during and/or after filling shall be used as required 
in order to achieve the quality assurance provisions of this specification 
(See par. 4). 

4. QUALITY ASSURANCE PROVISIONS 

4.1 The cured silicone rubber compound shall have filled or 
covered the required space and be in intimate contact with the surfaces 
for which it was intended. 

4. 2 The staked or embedded area shall present a clean smooth, 
tough, rubbery, non-tacky surface free of surface defects or voids. 

4. 3 There shall be no foreign material adhering to components 
leads, when viewed under 10X magnification. 

4.4 Qualification of Materials - Prior to use. the materials to be 
used for embedding in each 5 day production period shall be tested as follows: 

NOTE: This testing shall not be required when materials are used for 
staking. 

4.4.1 The proper amount of curing agent and thinner shall be added 
to 100 grams of resin per Table I. The ingredients shall then be mixed, 
deareated. and cured per paragraph 3. 4. 1. 

4. 4. 2 The hardness of the cured material shall then be measured. 
The parent batch of materials from which the sample is made shall not be 
used if the hardness is not as specified in Table I. The cured material 
shall show no evidence of tackiness. 
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PROCESS FOR 

STAKING AND/OR EMBEDDING 
ELECTRONIC COMPONENTS OR ASSEMBLIES 
WITH SILICONE RUBBER; VARIOUS METHODS 

I. SCOPE 

1.1 This document covers the process requirements foruMrlen* 
methods of staking and/or embedding electronic fcomponents or assemblies. 

wiih a. stU'.-iue ruL»i>fcf 

1.1.1 Method A covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 a 2 degrees C 
(158 * 5 degrees F). 

1.1. 2 Method B covers the procedure for an undiluted, medium 
viscosity silicone rubber system with a pot life of 10 to 20 minutes and 
curing cycle of thirty minutes at room temperature. 

1.1. 3 Method C covers the procedure for a diluted silicone rubber 
system with a pot life of 10 to 20 minutes and a curing cycle of thirty min¬ 
utes at room temperature. 

1.1. 4 Method D covers the procedure for an undiluted low viscosity 
silicone rubber system with a pot life of 1 to 2 hours and a curing cycle of 24 
hours at room temperature, or an accelerated heat cure of 5 hours at 
70 i 2 degrees C (158 * 5 degrees F). 

1.1. 5 Method E covers the procedure for a diluted or undiluted sili¬ 
cone rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature. 

1.1. 6 Method F covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 a 2 degrees C 
(158 a 5 degrees F). This method utilises a vacuum technique, resulting in 
a void free encapsulation. 
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1.1.7 Method G covers the procedure for a diluted or undiluted silicone 
rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature or an accelerated heat cure of 5 
hours at 70°C ± 2°C <158op ± 50 F). 

1.1.8 Method H covers the procedure for a two part flexible eposy resin 

system with a pot life of a minimum of 50 minutes and a curing cycle of 
16 to 20 hours at room temperature or cm accelerated heat cure of 2 to 3 
hours at 66 °C ± 2°C (150°F ± 4<>f). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent 
specified herein. 

DRAWINGS' 

Apollo GAN Specifications - 

1006834 Silicone Rubber Compound 

1006720 Silicone Rubber Compound 

1006835 Curing Agent 

1006721 Curing Agent 

1006722 Silicone Thinner 

IOO 6683 Silicone Rubber Compound 

1010718 Primer Adhesive, Air Drying 

Silicone Rubber 

1010849 Silicone Rubber (RTV) Encapsulant 

1006277 Cabosil M-5 

1010959 Epoxy Staking Compound 

(Copies of specifications, standards, drawings, and publications required by 
contractors in connection with specific procurement functions should be 
obtained from the procuring agency, or as directed by the contracting officer.) 

3. PROCESS REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the resin system shall be clean 
and free of grease, oil, dirt, or other contamination which might adversely 
effect adhesion of the resin. 

3.2 Mold Preparation 

3.2.1 If used, toolong molds shall be cleaned by mechanical or chemical 
methods which will not have a deleterious effect on the service ability of 
the part or subsequent processing. 
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3.3 Priming 

3.3.1 In Method P (See Table i) of this specification, surfaces to be 
covered or contacted by the silicone resin system shall be primed with 
primer per 1010718. Use of primer in method A thru £ shall be optional. 

3.4 Staking or Imbedding 

3.4.1 The materials, mixing proportions, pot life and curing cycle shall be 
as specified in Table I. Materials shall be mixed thoroughly to insure 
complete homogeneity. Deaeration of materials before, during, and/or after 

and during and/or after filling shall be used as required in order 
to achieve the quality assurance provisions of this specification (See par. a). 

3.5 Frozen Storage e The mixed Method H epoxy compound may be stored in 
frozen state, provided the following conditions are met: 

a) The compound shall be placed in small air-tight containers 
immediately after mi ing and degassing. 

b) The size of containers to be used shall be determined by the 
quantity of the compound normally used during the pot life specified. 

c) The containers shall be marked by means of a tag, lebel, or color 
code to indicate the date of mixing or expiration date, and to 
identify the compound. 

d) The closed containers with mixed compound shall be placed in a 
freezing compartment at a temperature of -40°F or lower. 

e) The frozen adhesive shall be warmed to room temperature' before 
opening the container to prevent the condensation of moisture on 
the compound. 

f) The frozen compound Shall be used within one month after the date 
of mixing and freezing. All frozen compound remaining after one 
month from the date of mixing shall be discarded. 


4. QUALITY ASSURANCE PROVISIONS 

4.1 The cured staking and embedding compound shall have filled or covered 
the required space and be intimate contact with the surface for which it 
was intended. 


4.2 The staked or embedded area shall present a clean smooth, tought, 
non-tacky surface free of surface defects or voids. 
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k.k Qualification of Materials • Prior to use, the silicone Materials to 
be used for embedding in each 5 day production period s h all be tested as 
follows: 

NOTE: This testing shall not be required when Materials are used for 
staking. 

li.b.1 The proper aMOunt of curing agent and thinner s hal l be added to 
100 grans of resin per Table I. The ingredients s h all then be Mixed, 
.deareated, and cured per paragraph 

k,k.2 The hardness of the cured Material shall then be Measured. The 
parent batch of mterials from which the sample is made shall not be 
used if the hardness is not as specified in Table I. The cured Material 
shall show no evidence of tackiness. 
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1.1.7 Method 0 covers the procedure for a diluted or undiluted silicone 

rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature or an accelerated heat cure of 5 
hours at 70°C ± 2°C {1580F ± 5°F). . 

1.1.8 Method H covers the procedure for a two part flexible eposy resin 

system with a pot life of a minimum of 50 minutes and a curing cycle of 
16 to 20 hours at room temperature or an accelerated heat cure of 2 to 3 
hours at 66°C i 2°C (150°F ± 4°f). 

1.1.9 Method I covers the procedure for a diluted silicone rubber system with a 
life or 3 hours and a curing cycle of 24 hpugs at room tenperature or an 
accelerated heat cure of 8 hours at 120 F. 

2. APPLICABLE DOCUMENTS -r ^ ; ^ 

2.1- Theafollowing documents form a part of this, specification to the extent 
specified herein. 

DRAWINGS' 

Apollo GAN Specifications • 

1006834 Silicone Rubber Compound 

IOO672O Silicone Rubber Compo und 

IOO6835 Curing Agent 

1006721 Curing Agent 

1006722 Silicone Thinner 

IOO6683 Silicone Rubber Compound 

1010718 Primer Adhesive, Air Drying 

Silicone Rubber 

1010849 Silicone Rubber (RTV) Encapsulant 

1006277 Cabosil M-5 

1010959 Epoxy Staking Compound 

(Copies of specifications, standards, drawings, and publications required by 
contractors in connection with specific procurement functions should be 
obtained from the procuring agency, or as directed by the contracting officer.) 

3. PROCESS REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the resin system shall be clean 
and free of grease, oil, dirt, or other contamination which might adversely 
effect adhesion of the resin. 

3.2 Mold Preparation 

3.2.1 If used, toolong molds shall be cleaned by mechanical or chemical 
methods which will not have a deleterious effect on the service ability of 
the part or subsequent processing. 





Material 


WEIGHT 


_Jr 


POT LIFE I TIME 


CIME CminrS 


temp 


HARDNESS 
SHORE A (Bin] 


40 


Method H 

Staking Formulation 
Part A per 

1010959-1 
Part B per 

1010959-2 100 

Filler per 

1006277 7 


Embedding Formulation 
Part A per 

1010959-1 40 

Part B per 

1010959-2 100 


3 Hours 


16 Hours 


Room 
Temper^ti 


;ure 

Not 

Applicable 


2 Hours 


boo ± 
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1.1.7 Method G covers the procedure for a diluted or undiluted silicone 
rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 2k hours at room temperature or an accelerated heat cure of 5 
hours at 70°C ± 2°C <158°F ± 5°F). 

1.1.8 Method H covers the procedure for a two part flexible eposy resin 

system with a pot life of a minimum of 50 minutes and a curing cycle of 
l6 to 20 hours at room temperature or an accelerated heat cure of 2 to 3 
hours at 66°C ± 2°C (150°F ± 4 °f). 

1.1.9 Method I covers the procedure for a diluted silicone rubber system with a pot 
life' of 3 hours and a curing cycle of 2^ hgugs at room temperature or an 
accelerated heat cure of 8 hours at 120 F. 

2. APPLICABLE DOCUMENTS ’ - 1 -. , „ ? 

2.1 • The .following documents form a part of this specification to the extent 
specified herein. 

DRAWINGS 

Apollo G&N Specifications - 


1006834 

Silicone Rubber Compound 

1006720 

Silicone Rubber Compound 

1006835 

Curing Agent 

1006721 

Curing Agent 

1006722 

Silicone Thinner 

1006683 

Silicone Rubber Compound 

1010718 

Primer Adhesive, Air Drying 
Silicone Rubber 

1010849 

Silicone Rubber (RTV) Encapsulant 

1006277 

Cabosil M-5 

1010959 

Epoxy Staking Compound 

IOO 6276 

Polyester, Pigment 


(Copies of specifications, standards, drawings, and publications required by 
contractors in connection with specific procurement functions should be 
obtained from the procuring agency, or as directed by the contracting officer.) 

3. PROCESS REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the resin system shall be clean 
and free of grease, oil, dirt, or other contamination which might adversely 
effect adhesion of the resin. 

3.2 Mold Preparation 

3.2.1 If used, toolong molds shall be cleaned by mechanical or chemical 
methods which will not have a deleterious effect on the service ability of 
the part or subsequent processing. 
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3.3 Priming 

3.3.1 In Method F (See Table i) Of this specification, surfaces to be 
covered or contacted by the silicone resin system shall be primed with 
primer per 1010718. Use of primer in Method A thru E shall be optional. 

3.4 Staking or Embedding 

3.4.1 The materials* miming proportions, pot life and curing cycle shall be 
as specified in Table I. Materials shall be mixed thoroughly to insure 
complete homogeneity. Deaeration of materials before, during, and/or after 
mixing and furing and/or after filling shall be used as required in order 

to achieve the quality assurance provisions of this specification (see par. 4) 
Method H, Staking & Embedding, shall be accomplished such that the compound 
fills the component hole to within l/8 inch of the module surface and does not 
extend above the module surface higher than 0.010 inch. 

3.5 Frozen Storage - The mixed Method H epoxy compound may be stored in 
frozen State, provided the following conditions are met: 

a) The compound shall be placed in small Air-tight containers 
immediately after mixing and degassing. 

b) The size of containers to be used shall be determined by the 
quantity of the compound normally used during the pot life specified. 

c) The containers shall be marked by means of a tag, label,or color 
code to indicate the date of mixing or expiration date, and to 
identify the compound. 

d) The closed containers with mixed compound shgll be placed in a 
freezing compartment at a temperature of -40 F or lower. 

e) The forzen adhesive shall be wanned to room temperature before 
opening the container to prevent the condensation of moisture on the 
compound. 

f) The forzen compound shall be used within one month after the date of 
mixing and freezing. All frozen compound remaining after one month 
from the date of mixing shall be discarded. 

k. QUALITY ASSURANCE PROVISIONS 

4.1 The cured staking and embedding compound shall have filled or covered 
the required space and be intimate contact with the surface for which it 
was intended. 

4.2 The staked or embedded area shall present a clean smooth, tough, 
non-tacky surface free of surface defects or voids except for Method H which 
shall present a non-tacky surface which may contain surface defects or 
voids provided that a complete fill to within \/Q inch of the heat sink 
surface is attained. 
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Material 


WEIGHT 


Method H 

Staking Formulation 
Part A per 

1010959-1 *K> 

Part B per 

1010959-2 100 

Filler per 

1006277 , „ 7 

1/2 

Part A per 

1010959-1 fcO 
Part B per 

1010959-2 100 

Pigment per 1006276 l/2 
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PROCESS FOR 

STAKING AND/OR EMBEDDING 
ELECTRONIC COMPONENTS OR ASSEMBLIES 
WITH SILICONE RUBBER; VARIOUS METHODS 

I. SCOPE , 

1.1 This document covers the process requirements for'Wiens* > 
methods of staking and/or embedding electronic bomponents or assemblies* 

with a silicone rubber coti-pound; • \ 

1.1.1 Method A covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a curing cycle of 24 hours at room 
temperature or an accelerated heat cure of 5 hours at 70 * 2 degrees C 
(158 * 5 degrees F). 

1.1. 2 Method B covers the procedure for an undiluted, medium 
viscosity silicone rubber system with a pot life of 10 to 20 minutes and 
curing cycle of thirty minutes at room temperature. . . 

1.1.3 Method C covers the procedure for a diluted silicone rubber 
system with a pot life of 10 to 20 minutes and a curing cycle of thirty min¬ 
utes at room temperature, 

1.1. 4 Method D covers the procedure for an undiluted low viscosity, 
silicone rubber system with a pot life of 1 to 2 hours and a curing cycle of 24 
houre at room temperature, or an accelerated heat cure of 5 hours at 
70 a 2 degrees C (158 a 5 degrees F). 

1.1. § Method E covers the procedure for a diluted or undiluted sili¬ 
cone rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature. i 

1.1. 6 Method F covers the procedure for a diluted silicone rubber 
system with a pot life of 1 to 2 hours and a dWtfug ayelt of '168 hours at roos 
tcnperafcure or an aooelerated cure of 48 hour* g* roq* t*pgerature, hours 

vc>.v.a 
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1.1.7 Method G covers the procedure for a diluted or undiluted silicone 
rubber system, red in color, with a pot life of 1 to 2 hours and a curing 
cycle of 24 hours at room temperature or an accelerated heat cure of 5 
hours at 70°C ± 2°C {l58op ± 5<>F). 

1.1.8 Method H covers the procedure for a two part flexible eposy resin 

system with a pot life of a minimum of 50 minutes and a curing cycle of 
16 to 20 hours at roan temperature or an accelerated heat cure of 2 to 3 
hours at 66°C ± 2°C (150°F ± 4°F). 

1.1.9 Method I covers the procedure for a diluted silicone rubber system with a pot 
. life" oT 3 hours hnff securing cycle of 2j£ hgugs at room temperature or an 

accelerated heat cure of 8 hours at 120 r. 7 

U..10" Method J covers 1 the procedure for a two part polyurethane rosin system with a 
pot life of 30-to 45 minute# and acuring temperature cycle of 3 t days -at room temperatur 
or an accelerated heat cure of 6 to 8 hours at 66°C ± 2 c (150 F ± 57). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a paft:<Jf this spec, to the extent specified herein. 

zzsum Igfei * ~ c “*** md 


1006834 

Silicone Rubber Compound 

1006720 

Silicone Rubber Compound 

1006835 

Curing Agent 

1006721 

Curing Agent 

1006722 

Silicone Thinner 

1006683 

Silicone Rubber Compound 

1010718 

Primer Adhesive, Air Drying 
Silicone Rubber 

1010849 

Silicone Rubber (RTV) Encapsulant 

1006277 

Cabosil M-5 

1010959 

Epoxy Staking Compound 

IOO6276 

Polyester, Pigment 


(Copies of specifications, standards, drawings, and publications required by 
contractors in connection with specific procurement functions should be 
obtained from the procuring agency, or as directed by the contracting officer.) 

3. PROCESS REQUIREMENTS 

3.1 Cleaning 

3.1.1 Surfaces to be covered or contacted by the resin system shall be clean 
and free of grease, oil, dirt, or other contamination which might adversely 
effect adhesion of the resin. 

3.2 Mold Preparation 

3.2.1 If used, toolong molds shall be cleaned by mechanical or chemical 
methods which will not have a deleterious effect on the service ability of 
the part or subsequent processing. 
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3.3 Priming 

3.3.1 In Method P (See Table I) tt this specification, surfaces to be 
covered or contacted by the silicone resin system shall be primed with 
primer per 1010718. Use of primer in Method A thru £ shall be optional. 

3.4 Staking or Embedding 

3.4.1 The materials, mixing proportions, pot life and curing cycle «h»n be 
as specified in Table I. Materials shall be mixed thoroughly to insure 
complete homogeneity. Deaeration of materials before, during, and/or after 
mixing and furing and/or after filling shall be used as required in order 

to achieve the quality assuranne provisions of this specification (see par. 4) 
Method H, Staking & Embedding, shall be accomplished such that the compound 
fills the component hole to withinl/8 inch of the module surface and does not 
extend above the module surface higher than 0.010 inch. 

3.5 Frosen Storage - The mixed Method H epoxy compound and the mixed Method J 
polyurethane compound may be stored in a frozen state, provided the following 
conditions are met: 

a) The compound shall lie placed in small Atr-tight containers 
Im m edia tely after mixing and degassing. 

b) The size of containers to be used shall be determined by the 
quantity of the compound normally used during the pot life specified. 

c) The containers s h a ll be marked by means of a tag, label,or color 
code to indicate the date of mixing or expiration date, and to 
identify the compo u nd. 

d) The closed containers with mixed compound sha ll be placed in a 
freezing compartment at a temperature of -40°F or lower. 

e) The forzen adhesive shall be warmed to room temperature before 
opening the container to prevent the condensation of moisture on the 
compound. 

f) The forzen compound s h all be used within one month after the date of 
mixing and freezing. All frozen compound remaining after one month 
from the date of mixing shall be discarded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 The cured staking and embedding compound shall have filled or covered 
the required space and be intimate contact with the surface for which it 
was intended. 

4.2 The staked or embedded area shall present a clean smooth, tough, 
non-tacky surface free of surface defects or voids except for Method H which 
shall present a non-tacky surface which may contain surface defects or 
voids provided that a complete fill to within X/Q inch of the heat sink 
surface is attained. 

f 



















APOLLO 

GM SPECIFICATION 
HD 1002009 


Method H 

Staking Formulation 
Part A per 

1010959-1 *0 

Part B per 

1010959-2 100 

Filler per 

1006277 7 

Pigment Per 1006276 1/2 

Embedding Formulation 

Part A per 

1010959-1 ^0 

. Part B per 

1010959-2 100 

Pigment per IOO6276 l/2 




16 Hours Room 

Tempert ture 
Hot 

Applicable 

2 Hours L50O ± J 



Method J 

Staking Formulation 

Part A per 1008821-1 
part B per 1008821-2 
Colorant per 
1008822-1 

Filler per 1006277 

Embedding Formulatioi 
Part A per 1008821-1 
Pert B per 1008821-2 
Colorant per 



kxNat 

Applicable 


Her. H 
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Resin per 1006720 100 i 1% 11/2 hours 

Thinner per 1006722 ft to 10^ 

Curing agent per 1006721 0. 3 ± 5% 
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Material 


Method H 

Staking Formulation 
Part A per 

> IOIO 959 .I 40 
Part B per 

1010959-2 100 

Filler per 

1006277 7 

Part A per 

1010959-1 40 

Part B per 

1010959-2 100 

Pigment per IOO 6276 1.5 


1 POT LIFE 


cycle harness 
TIME (min) TEMP I SHORE A ( 


I 3 Hours 1 16 Hours 


| Boon 

j Tempert ture 
! Not 

Applicable 


Resin per IOO 6834 
curing agent per 
1006721 

Ihinner pgr 100670 


100 parts/wt ^ 

.51.1 parts/wt!, . ^ hour » 

10 ±.5 PBH ,3 hour* 8 hourg 


Room 

Temperatu 


Method J 

Staking Formulation 

Part A per 1008821-1 S2.5±2^ 
part B per 1008821-2 L00±2^ 
Colorant per 

1008822-1 3 ± 5 ^ 
Filler per 1006277 * to 6.5 

Embedding Formulatior 
Part A per 1008821-1 62.5±2g 
Part B per 1008821-2 100±2^ 
Colorant per 


|45 min .3 R.Ti 3 days Room 
I . • or 7 hrs. Temp. 

L50 t 5 


1 .: Hot 
Applicable 
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PRC .ESS FOR 
STAKING AND/OR EMBEDDING 
ELECTRONIC COMPONENTS OR ASSEMBLIES 
WITH SILICONE RUBBER? VARIOUS METHODS 


SCOPE 


1.1 This document covers the process requirements for 
various methods of staking 'anchor embedding electronic components 
or assemblies. ! 


1.1.1 Method A covers the procedure for a diluted silicone 

rubber system with a pot life of 1 to 2 hours and a curing cycle of 
24 hours at room temperature or an accelerated heat cure of 5 hours 
at 70 ± 2 degrees C (158 ± 5 degrees F). \ 

1.1.2 Method B covers the procedure for an undiluted, medium 
viscosity silicone rubber system with a pot life of 10 to 20 minutes 
and curing cycle of thirty minutes at room temperature. 

1.1.3 Method C covers the procedure for a diluted silicone 
rubber system with a pot.'life of 10 to 20 minutes and a curing cycle 
of thirty minutes at room temperature. 

1.1.4 Method D covers the procedure for an undiluted low 
viscosity silicone rubber system with a pot life of 1 to 2 hours 
and a curing cycle of 24 hours at room temperature, or an accel- 
era ted heat cure of 5 hours at 70 ± 2 degrees C (158 ± 5 degrees F)• 

1.1.5 Method E covers the procedure for a diluted or undi¬ 
luted silicone rubber system, red in color, with a pot life of 1 
to 2 hours and a curing cycle of 24 hours at room temperature. 

1.1.6 Method F covers the procedure for a diluted silicone 

rubber system with a pot life of 1 to 2 hours and a curing cycle 
of 168 hours at room temperature or an accelerated cure of 48 hours 
at room temperature, 24 hours at 120°F and 48 hours at room 
temperature. I 


\ 
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—~ 1*1 .-7 -M^bod~G covers—the procedure for a diluted or undiluted 

~ slj.xGon e rubber— system, red^in color/ v ith a pot life of 1 to 2 hours 
~^and-a-curing cycle of 24 hours at room temperature or an accelerated* 
heat cure of 5 hours at 70 C ± 2°C (158°F ± 5°F). 

1.1.8 Method H covers the procedure for a two part flexible 
epoxy resin system with a pot life of a minimum of 50 minutes and 
a curing cycle of 16 to 20 hours at room temperature or an accel¬ 
erated heat cure of 2 to 3 hours at 66°C ± 2°c (150°F ± 4°F). 

1.1.9 Method I covers the procedure for a diluted silicone 
rubber system with a pot life of 3 hours and a curing cycle of 24 
hours at room temperature or an accelerated heat cure of 8 hours at 
120°F. 


1.1.10 Method J covers the procedure for a two part polyure¬ 
thane resin system with a pot life of 30 to 45 minutes and a curing 
temperature cycle of 3 days at room temperature or an accelerated 
heat cure of 6 to 8 hours at 66°C ± 2°C (150°F ± 5°F). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specifi¬ 
cation to the extent specified herein. 


1008821 


Polyurethane Staking Compound 

1008822-1 


Colorant# Epoxy Base 

1006720 


Silicone Rubber Compound 

1006835 


Curing’ Agent 

1006721 


Curing Agent 

1006722 


Silicone Thinner 

1010718 • 


Primer Adhesive, Air Drying 
Silicone Rubber 

1010849 


Silicone Rubber (RTV) Encapsulant 

1006277 

. 

Cabosil M-5 

1010959 


Epoxy Staking Compound 

1006276 


Polyester, Pigment 

1012513 


Primer, Silicone 


(Copies of specifications, standards, drawings, and publications 
required by contractors in connection with specific procurement 
functions should be obtained from the procuring agency, or as 
directed by the contracting officer.) 
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3.1 


3.1.1 


PROCESS REQUIREMENTS- 

(j — 

Cleaning * 




.... , Surfaces to be covered or contacted by the r in system 

^ * nd f"® ° f grease ' oil » dir t. or other contamination 

which might adversely effect adhesion of the resin. 


3.2 Mold .Preparation 


3.2.1 if used, tooling molds shall be cleaned by mechanical 
or chemical methods which will not have a deleterious effect on the 
service ability of the part or subsequent processing. 

3.3 • Priming t 

• ■ t * * 

_ 3,3,1 In Method F (See Table I) of this specification, sur¬ 

faces to be covered or contacted by the silicone resin system shall 
^>e pruned with primer per 1010718 or ioi2513. Use of primer per 
1012513 in Method A through E shall be mandatory on those surfaces 
where improved adhesion is desired and so specified on the applica¬ 
ble drawing. . 

3 »4 Staking or Embedding 

3.4.1 The materials, mixing proportions, p6t life and curing 
cycle shall be as specified in Table I. Materials shall be mixed 
thoroughly to insure complete homogeneity. Deaeration of materials 

during# and /°r after mixing and during and/or after filling 
shall be used as required in order to achieve the quality assurance 
.provisions of this specification (see par. 4) Method H, Staking & 
Embedding, shall be accomplished such that the compound fills the 
component hole to within 1/8 inch of the module surface and does not 
extend above the module surface higher than 0.010 inch. 

3 *^ # Frozen Storage. The mixed Method H epoxy compound 
and th$ mixed Method J polyurethane compound may be stored in a 
frozen state, provided the following conditions are met: 

a) The compound shall be placed in small air-tight 
containers immediately after mixing and degassing. 

i 

I 

\ 
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b) The size of containers to be used shall be 
determined by the quantity of the compound 
normally used during the pot life specified. 

c) The containers shall be marked by means of a 
tag, label, or color code to indicate the date 
of mixing or expiration date, and to identify 
the compound. 

d) The closed containers with mixed compound shall 
be placed in Q a freezing compartment at a temper¬ 
ature of -40°P or lower. 

e) The frozen adhesive shall be warmed to room 

temperature before opening the container to 
prevent the condensation of moisture on the ; 

compound. 

f) The frozen compound shall be used within one 
month after the date of mixing and freezing. 

All frozen compound remaining after one month 
from the date.of mixing shall be discarded.^ « 

4. QUALITY ASSURANCE PROVISIONS 

4.1 The cured staking and embedding compound shall have 
filled or covered the required space and be intimate contact with 
the surface for which it was intended. 

4.2 The staked or embedded area shall present a clean 
smooth, tough, non-tacky surface free of surface defects or voids 
except for Method H which shall present a non-tacky surface which 
may contain surface defects or voids provided that a complete fill 
to within 1/8 inch of the heat sink surface is attained. 
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_ 4 « ? - -Q« aiifica.tTbn- of Materials..—Prior to use, the 

z~ ^ sil ^cone_ materxaie^to be used for embedding in each 5 day 
_ production period shall be tested as follows: 

NOTE: This testing shall not be required when materials 

are used for staking. 

4.3.1 The proper amount of curing agent and thinner shall 
be added to 100 grams of resin per Table I. The ingredients 
shall then be mixed, deareated, and cured per paragraph 3.4.1. 

4 . 3 .2 The hardness of the cured material shall then be 
measured. The parent batch of materials from which the sample is 
siade shall not be used if the hardness is not as specified in 
Table I. The cured material shall show no evidence of tackiness. 


t 



/ 

/ 




5 


(REV M) 



MATERIAL PARTS BY AVERAGE _ CURING CYCLE _ HARDNES 

WEIGHT POT LIFE * TIME (Min.) | TEMPERATURE SHORE A 
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1.1.7 Method G covers the procedure for e diluted or undiluted 
silicone rubber system, red in color, with s pot life of 1 to 2 hours 
and a curing cycle of 24 hours at room £emperature or an accelerated 
heat cure of 5 hours at 70°C ± 2 C (158 F ± 5°F)• 

1.1.8 Method H covers the procedure for a two part flexible 
epoxy resin system with a pot life of a minimum of 50 minutes and 
a curing cycle of 16 to 20 hours at room temgerature or an accel¬ 
erated heat cure of 2 to 3 hours at 66°C ± 2 C (150 F ± 4 F). 

1.1.9 Method I covers the procedure for a diluted silicone 
rubber system with a pot life of 3 hours and a curing cycle of 24 
hours at room temperature or an accelerated heat cure of 8 hours at 
120°F. 


1.1.10 Method J covers the procedure for a two part polyure¬ 
thane resin system with a pot life of 30 to 45 minutes and a curing 
temperature cycle of 3 days at room temperature or Q an accelerated 
heat cure of 6 to 8 hours at 66 C ± 2°C (150 F ± 5 F) • 


2. APPLICABLE DOCUMENTS 


2.1 

eation to 


The following documents form a part of this specifi- 
the extent specified herein. 


Drawings 


1008821 

Polyurethane Staking Compound 

1008822-1 

Colorant, Epoxy Base 

1006720 

Silicone Rubber Compound 

1006835 

Curing Agent 

1006721 

Curing Agent 

1006722 

Silicone Thinner 

1010718 

Primer Adhesive, Air Drying 
Silicone Rubber 

1010849 

Silicone Rubber (RTV) Encapsulant 

1006277 

Cabosil M-5 

1010959 

Epoxy Staking Compound 

1006276 

Polyester, Pigment 

1012513 

1005008 

Primer, Silicone 

Silicone Rubber Compound 

1005009 

Silicone Rubber Compound 

1005010 

Curing Agent 

1005011 

Curing Agent 


(Copies of specifications, standards, drawings, and publications 
required by contractors in connection with specific procurement 
functions should be obtained from the procuring agency, or as 
directed by the contracting officer.) 
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1.1.7 Method 0 covers the procedure for a diluted or undiluted 
silicone rubber system* red in color* with s pot life of 1 to 2 hours 
end a curing cycle of 24 hours at roosi temperature or sn accelerated 
heat cure of 5 hours at 70 C ± 2°C (158°F ± 5°F). 

1.1.8 Method H covers the procedure for a two part flexible 
epoxy resin system with a pot life of a minimum of 50 minutes and 
a curing cycle of 16 to 20 hours at room temperature or an accel¬ 
erated heat cure of 2 to 3 hours at 66°C ± 2°C (150 6 F * 4°F). 

1.1.9 Method Z covers the procedure for a diluted silicone 
rubber system with a pot life of 3 hours and a curing cycle of 24 
hours at room temperature or an accelerated heat cure of 8 hours at 
120°F. 


1.1.10 Method J covers the procedure for a two part polyure¬ 
thane resin system with a pot life of 30 to 45 minutes and a curing 
temperature cycle of 3 days at room temperature or an accelerated 
heat cure of 6 to 8 hours at 66°C ± 2°C (150°F ± 5°F). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specifi- 
eation to the extent specified herein. 

Polyurethane Staking Compound 
Colorant* Epoxy Base 
Silicone Rubber Compound 
Curing Agent 
Curing Agent 
Silicone Thinner 
Primer Adhesive* Air Drying 
Silicone Rubber 

Silicone Rubber (RTV) Bncapsulant 
Cabosil M-5 
Epoxy Staking Compound 
Polyester, Pigment 

Pfiiper, Silicone 
Silicone Rubber Compound 
Silicone Rubber Compound 
Curing Agent 
Curing Agent 
Silicone Rubber Coetpound 
(Copies of specifications* standards* drawings* and publications 
required by contractors in connection with specific procurement 
functions should be obtained from the procuring agency* or as 
directed by the contracting officer.) 


Drawings 1008821 

1008822-1 

1006720 

1006835 

1006721 

1006722 

1010718 

1010849 

1006277 

1010959 

1006276 

1012513 

1005008 

1005009 

1005010 

1005011 

1006834 
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r - - ELECTRICAL REQUIREMENTS 
90R 

SEES! AMPLIPIER 


1 SCOPE 

l # l gcopeu This npeCifiaaddLan dritnu thm electrical test 

requlrententv Stxr the acceptance e Sens* Amplifier, NASA 
Mb. 1006769/use' JA «te ApolloOUidhnce Computer. 

2 APPLICABLE DOOUMSITS 

§ # t The following specification* for* a part of this 

publication to tho extent specified horolnt 


DRAWINGS 

SOD 1006769 


Semi-conductor Device, Sons# Amplifier# 
Specification Control Drawing. 


(Ooploo of opooiflcation*» standard*# drawing*, and 
publication* required b7 contractor* In connection 
with specific proourenent function* should be obtained 
from the procuring activity or a* direeted by the 
oontraetlng officer.) * 

2.2 Conflicting requirement*. In the event of conflict 

between the requirement* ef the eontraot# this 
document and the deoument* listed in this seotlom 
■hall govern in that order. 

3 REQUIREMENTS 

3.1 Acceptance parameter*. 

3.1.1 Gain. The gala (G) whom tested im aceordanc* with 

paragraph* 4.5.1.1 through 4.5.1.3 lnoluslve, and 

oaleulated in accordance with paragraph 4.8.1.1 
■hall be between 0.34 and 0.5* volt* corresponding 
to a gain of 17 to 27 respectively. The gain whom 
tested lm accordance with paragraph* 4.5.1%4 and 
4.5.1.S, and calculated in accordance with paragraph 

4.8.1.2 shall be between 0.50 and 0.70 volt* corresponding 
to a gala (GD) of 25 t* irrespectively. 
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3.1.2 Differential Output. The differential output (Vll & V12) when 
tested in accordance with paragraph 4.5.1.5 shall be equal to 
or less than 0.25 volts. 

3.1.3 Voltage Ratio (V.R.). The voltage ratio when tested in accor¬ 
dance with paragraphs 4.5.1.2 and 4.5.1.4 and calculated in 
accordance with section 4.8.3 shall be no less than 0.33 volts 
and no greater than 0.50 volts corresponding to a gain (Gc) of 
6 to 4 respectively. 

3.1.4 Resolution (R). The resolution (V 13 and V 14 ) when tested in 
accordance with paragraphs 4.5.2.1 and 4.5.2.2 Bust be equal 
to or less than 5.33 volts. 

3.1.5 Gate Operation. The gate shall operate in accordance with 
section 4.5.3* 

3.2 Response Time Parameters. 

3.2.1 Propagation Delay (T d ). The propagation delay vhen tested in 
accordance with paragraph 4.6.1.1 shall be not more than 250 
nanoseconds. 

3.2.2 Turn ON and Turn OFF Times. The Turn ON and Turn OFF Times* 
when tested in accordance with paragraph 4.5.2.1 shall be not 
more than 250 nsec. 

3.3 Leakage Measurements. 

3.3.1 Transistor Q 4 . The leakage current when tested in accordance 
with paragraph 4.7.1.1 shall not exceed 200 nanoamps. 

3.3.2 Transistors Q 5 and Q&. The leakage current tdien tested in 
accordance with paragraph 4.7.2.1 shall not exceed 400 nanoamps. 

3.3.3 Transistors Qi and Q2. The Breakdown Voltage when tested in 
accordance with paragraph 4.7.3.1 shall exceed 10 Volts. 

3.4 The resistance between pins 3 and 4 %4ien tested in accordance 

with paragraph 4.7.4.1 shall be 250 ji± 30%. 

4. FINAL TEST METHODS 
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4.1 Responsibility, The supplier is responsible for 
the performance of all Inspection requirements as 
specified herein. Exoept as otherwise specified, 

the supplier may utilize his own or any other Inspection 
facilities and servloes acceptable to the government. 
Inspection records of the examination and tests shall 
be kept complete and available te the government as 
sped fled In the oontraot or order. The government 
reserves the right to perform any of the lnspeotlons 
set forth in this specification where such Inspections 
are deemed necessary to assure that the sense amplifier 
conforms to presorlbed requirements. 

4.2 Test Equipment. Whenever possible, the aoeuraey of 

the test equipment selected to perform the ••■•nraments d 
specified herein should bo such that tost eqtfipdttfttt variations 
do not oxceod 10 percent of the total tolerance.* 

4.3 Test Conditions. The following ambient conditions 

are required for performing the tests specified herein. 

Temperature 25 £ 3°0 

4.4 Toltage Inputs and Outputs. 

The external eonnectlons required to perform the tests 
on the sense anpllfler are described in Figure 1. 

4.4.1 The Supply Toltages required shall be as speolfled 
below and applied as described in Figure 1. 

4.4.1.1 The Be Supply shall be el 3.0 £0.1 TDC. 

4.4.1.2 The Tx supply shall be a eontlnuous variable voltage 
source from el.00 to e2.00 TDC with an output Impedance 
of not more than 50 ohms. 

4.4.1.3 The Yj supply shall be a continuous variable voltage 
source from 1.00 to 8.00 VDO with an output lnpedanos 
of not more tnan 50 ohms. 

4.4.1.4 The T z supply shall be M AM TDC. 

4.4.2 The Input shall be a differential signal as described 
In Figure 2a originated from a switching ferrite eore 
and an output Impedance of not more than 50 ohms. This 
shall be applied across pins #2 and #7. 
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4.4.3 The output shall be as described in Figure 2b and 2c and 
shall be Monitored by an oscilloscope. across R3. 

4.5 Acceptance Tests. Unless otherwise specified the conditions 

for each test shall be those described by section 4.4. All 
measurements shall be recorded to three significant figures. 

4.5.1 Gain Measurements. 

4.5.1.1 Gain, Differential Offset, and Voltage Ratio. Connect a 

10 K resistor (± 1% 1/4 w) between pin #1 of 8.A. and ground. 
Connect pins #8 8 #9 to B+ (13 .Ov ± .lv). 

4.5.1.2 Adjust V x so that the d.c. potential at pin #1 is 3.5 ± .02V 
with respect to B+. (Measure with respect to ground). This 

'•* value of Vx shall be referred to as Voi« 

4.5.1.3 With reference to Figure 2b, measure differences Vo2 through 
V05. 

4.5.1.4 Adjust V x (with no input signal) so that the d.c. potential 
of pin #1 is 5.5 ± .02V with respect to B+. Record V x as 
V07. This value of V x shall be referred to as V06. 

4.5.1.5 With references to Figure 2c, measure differences V07 
through Vio# Vn, and Vi2* 

4.5.2 Resolution Measurements 

4.5.2.1 Resolution. Connect pin #9 to pin #10. Connect a 2 K 

(1% 1/4 w) resistor to pin #8 of 8.A. Connect Variable 
Voltage Source (V r ) to pin #1. Set V y - 5.00 ± .02v with 
respect to B+. Using differential input voltages Vp+ and 
V D - of 50 ± 0.2 millivolts. Adjust Vx so that the smaller 

two pulses, as observed at pin #8, is 0.50 v. Change 


V P" 
of the 


V y until the smaller of the two output (pin #8) pulses is 
1.50 v. Refer to latter value, of Vy as Vjj. 
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4.5.2.2 Resolution. Repeat 4.5.2.1 for the larger of the two 
output pulses. Refer to the last V y reading as Vl4. 

4.5.3 Gate Operation. Using differential input voltages Vp+ and 
Vp- of 50 ± 0.2 millivolt, set Vy to 4.00 VDC ± 0.05. Ad¬ 
just V x so that the smallest peak produces a 2 volt output 
across the 2 K load resistor (pin #8). When Si is placed 
in its B or C positions, the output shall be less than 
0.250 volts. 


4.6 


Response Time Tests. 


4.6.1 Delay Times (T^). 

4.6.1.1 Using a differential input as described by Figure Sa, with 
a maximum output impedance of 50 ohms, set Vy to 4.0 ± 0.02 
VDC. Adjust V x to 1.50 ± 0.02 VDC. T<j is the time measured 
from the 50% point of the input to the 50% point of the 
output. Heasure T^l through T<J4* 

4.6.2 Turn ON (T ON) and Turn OFF (T OFF) Time. 


4.6.2.1 Using an input signal as described by Figure 4m with a 

maximum output impedance of 50 ohms connected in series with 
a 2 K ± 1% 1/4 w resistor between pin #9 and pin #1 with 
V x set to 1.40 ± .02 adjust Vy to 5.50 ± 0.02 VDC. 

T ON and T OFF are the times measured between the 50% points 
of the input and output. 

4.7 Leakage Tests. 


4.7.1 Transistor 04• 


4.7.1.1 Apply 4.0 ± .1 volts to pins #8 and #10. Connect Pin 9 

through a 10OK ± 1% resistor to ground.. Leave all other 
pins open. The voltage measured across the 100k resistor 
shall not exceed .020 volts (200 nanoamps). 


5 (REV H) 



APOLLO 

6 & N SPECIFICATION 
ND 1002017 O 
August 4, 1964 


4.7.2 
4.7.2.1 


4.7.3 


4.7.3.1 


4.7.4 


4.7.4.1 


4.8 

4.8.1.1 


4. 8 .2.1 
4.8.3 


Transistors Q 5 and Qg. 

Apply 4.0 ± .1 volts in series with a 100K resistor to 
pin #1. Ground pin #10. Leave all other pins open. The 
voltage measured across the 100 K resistor shall not exceed 
.040 volts (400 nanoamps). 

Transistors Ql and Q2. 

Apply *1.5 ± O.lv to pin # 6 . Ground pin #3. Apply a 
100 micro-amp ± 5% constant current source to pin #10. The 
voltage measured between pin 10 ft pin 3 shall exceed 11.5 
volts. 

Resistance 

Apply 13.0 ± 0.1 VDC in series with a 6.2 K ± 1 % resistor 
to pin 4. Ground Pin 1. The voltage measured between pins 
4 and 3 shall be 0.52 ± 0.15 vdc. 

Calculations 

Gain. 

V y ■ 3.5 v 

G1 - V02 
G2 - V 03 
G3 - V04 
G4 - V05 
V y ■ 5.5 V 

G5 » V 07 

G6 • V08 • 

G7 ■ Vll 
G 8 - V 1Q 

Differential Output ■ Vn ft V12. 

• [ ' ) 

Voltage Ratio V.R. • Vq 6 - V ©1 
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II * H2 * i watt, 470 ohl A 5^ 
13 * 14 * J watt, 2000 oha * 1* 

15 * $ watt* 2200 oha * if 

16 * J watt, 1000 oha ± if 

17 * i watt, 10 K oha * if 
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OUTPUT - FIGURE 3B 


VOTEt Rise end Fell Times less 
then 100 nsec. 
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4. 5.2.2 Resolution. Repeat 4.5.2.1 for the larger of the two 
output pulses. Refer to the last Vy reading as Vi4. 

4.5.3 Gate Operation. Using differential input voltages Vp+ and 
Vp- of 50 ± 0.2 millivolt, set Vy to 4.00 VDC ± 0.05. Ad¬ 
just V x so that the smallest peak produces a 2 volt output 
across the 2 K load resistor (pin #8)• When Si is placed 
in its B or C positions, the output shall be less than 
0.250 volts. 

4.6 Response Time Tests. 

4.6.1 Delay Times (Td) • 

4.6.1.1 Using a differential input as described by Figure 3m, with 
a maximum output impedance of 50 ohms, set Vy to 4.0 ± 0.02 
VDC. Adjust V x to 1.50 ± 0.02 VDC. Td is the time measured 
from the 50% point of the input to the 50% point of the 
output. Measure Tdl through Td4* 

4.6.2 Turn ON (T ON) and Turn OFF (T OFF) Time. 

4.6.2.1 Using an input signal as described by Figure 4m with a 
maximum output impedance of 50 ohms connected in series with 
a 2 K ± 1% 1/4 w resistor between pin #9 and pin #1 with 

V x set to 1.40 ± .02 adjust Vy to 5.50 ± 0.02 VDC. 

T ON and T OFF are the times measured between the 50% points 
of the input and output. 

4.7 Leakage Tests. 

4.7.1 Transistor Q4* 

4.7.1.1 Apply 5.0 ± .1 volts to pins #8 and #10. Connect Pin 9 

through a 100K ± 1% resistor to ground.. Leave all other 

pins open. The voltage measured across the 100k resistor 
shall not exceed .040 volts (400 nanoamps). 
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1.* SCOPE 

1.1 This specification establishes the general marking requirements for parts and assemblies. 


2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form a 
part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 

QQ-T-25 Tape, Electric Wire-Flexible Insulating Sleeving 

Marking Machine (Foil, Wire Identification,Marking) 

Military 

MIL-V-173 Varnish, Moisture and Fungus - Resistant, for the Treatment 

of Communications Electronics and Associated Electrical Equipmei 


MIL-E-7729 
Apollo GAN 

ND-1002122 


Enamel, Gloss,, Aircraft Application 


Futura Demibold Characters, Process Specification 


2.2 CONFLICTING REQUIREMENTS. In the event of conflict between the requirements of 
the applicable drawings, this specification, and other documents cited herein, resolution 
must be obtained from the MIT Apollo Management Office via the purchaser. 
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1. SCOPE 

1.1 This specification establishes the general marking requirements for parts and assemblies. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form a 
part of this specification to the extent specified herein. 

SPECIFICATIONS 


Federal 

qq-T- 25 Tape, Electric Wire-Flexible Insulating Sleeving 

. Marking Machine (Foil, Wire Identification,Marking) 

Military 

MIL-V-173 Varnish, Moisture and Fungus - Resistant, for the Treatment 

of Communications Electronics and Associated Electrical Equipment 

MIL-E-7729 Enamel, Gloss,. Aircraft Application 


Apollo GIN 

ND-1002122 Futura Demibold Characters, Process Specification 

2.2 CONFLICTING REQUIREMENTS. In die event of conflict between the requirements of 
the applicable drawings, this specification, and other documents cited herein, resolution 
must be obtained from the MIT Apollo Management Office via the purchaser. 
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1. SCOPE 

1.1 This specification establishes the general marking requirements for parts and assemblies, 

1. APPLICABLE DOCUMENTS * f 

1.1 The following documents of the issue in effect on the date of invitation lor bids form a r 
part of this specification to the extent specified herein. 


SPECIFICATIONS 

Federal 

QQ-T-2S * 

Military 

MIL-V-173 

* MIL-E-7729 

Apollo GSN 

ND-1002122 


.'•I r 


; Tape, Electric Wire-Flexible Insulating Sleeving , 

Marking Machine (Foil, Wire Ideatifloatioa.Maridng) 


' ' ' : *; - ■ . |y; 

Varnish, Moisture and Fungus - Resistant, for the Treatment - ■ 
of C ommun i csfloos Electronics sad AsfAHatvri Electrical BquipsaoiJt 

Enamel, Gleoo,, Aircraft Applicetioa , 

* .* I .j *. 
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Futura Demibold Charadera, Prooeaa Specification 


2,2 CONFLICTING REQUIREMENTS, In the event of conflict between the requirements sf * $ 
the applicable drawings, this specification, and other documents dtsd herein, resolution 
must be obtained from the MIT Apollo Management Office via the purchaser. 


* * 

A ; " 
A *• 

M4 


- \t • 




in ■. . 


! • >* 
I ; 

Mi 



















































Apollo G*N Specification 

NI>-100201*** 

, *S Apr*t4»6f % 


MASKING, 

GKNKHAL SPECIFICATION FOB 


w 


1. SCOPX 

1.1 This apecificatioa aaUfellahea toe general marking reqairemante for ports end aaaembltoe. 
S. APPLICABLE DOCUMENTS 

1.1 Iho tallowing documenta of toa lean* is effect oa fee dote of iaettatfaB tor Mde lam * 

part of tola e peelficaiioa to too aatoat epacUisd herein. , ^ . 

BBGWCAtlOM ' f v ‘ , . * ' 


. - . Tape, Electric Wire-Flexible Inatilating Sleeting — 

« Maritog Machine (Pott, Wire fitontlflnatlnn.Marklii) 

Military 

* 

MIL-¥-173 Vandah, Moiataio and Pangea - Resistant, far too Tre atment 

of Commanioattoaa Electronics end A ssoci a t e d Elaotrtaal Equipment 

9 MIL-E-772a Enamel, Ofeeo* Aircraft Application 

Apritoow • -, " 1 • ■ 11 •- 

ND-10*2122 Future Demibold Character*, Prooeee StoMfloattoa 

ND 1002112 Silk Screening, Process Specification > 

2.2 CONFLICTING REQUIREMENTS. la tito area* of ootolict between toe requirements of 
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3. REQUIREMENTS 

3.1 PREFERENCE. Marking by stamping, silk screening, or stencilling shall 
be preferred to engraving, electric etching or hand marking. However, all 
marking shall be suitable for the intended purpose, shall be legible, and shall be 
as permanent as the item being marked. 

3. 2 CHARACTERS. Letters shall be without serifs (sans-serifs) such as 
"Gothic'* or "Futura** capitals, and the numerals shall be Arabic. Other 
characters and hand marking shall be of a similar appearance. 

3. 2.1 Style. Unless otherwise specified by the drawing, characters except for 
hand marking shall be Futura Demibold applied as specified by Specification 
ND 1002122. 

3. 2. 2 Size. Unless otherwise specified, character size shall be proportional to 
the area available for marking; 1/12 through l/4-inch characters shall be preferred. 

3. 3 LOCATION AND TEXT. Unless otherwise specified herein, the text and 
location of markings shall be as specified by the drawing or order. 

3. 4 PROCESS LIMITATIONS 

3. 4.1 Electric Etching. Electric etching shall be used only to mark inherently 
corrosion resistant metallic materials. 

3. 4. 2 Engraving. Plated surfaces shall not be engraved or etched. 

3.4.3 Encapsulation. Encapsulated surfaces shall be silk screened or stencilled. 

3. 5 PROTECTION OF FINISHED MARKINGS 

3.5.1 Ink and Enamel Markings. Applied ink, except epoxy ink, and enamel mark¬ 
ings shall be protected with one coat of commercial grade acrylic lacquer or one 
coat of varnish conforming to Type I of Specification MIL-V-173. A protective 
coating shall not be used when it will cause flaking of applied markings or have other 
deleterious effects on the marking or part. 

3. 5 CABLE AND HARNESS MARKING. Unless otherwise specified by the drawing 
or order, harness and cable marking shall consist of the harness or cable identifica¬ 
tion letter or wire list identification letter, as applicable, followed by the conductor 
number. 

3. 6.1 Form. 

3.6.1.1 Style. Letters shall be without serifs (sans-serifs) such as "Gothic" or 
"Futura" capitals, and the numerals shall be Arabic. Other characters and hand 
marking shall be of similar appearance. 
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3. 6.1. 2 Height. Markings shall be not less than 3/64 inch in height. 

3. 6. 2 Color. Markings shall be black except when black does not contrast with 
the surface being marked, in which case the marking color shall be white or 
yellow. 

3. 6.3 Location. Unless otherwise specified by the drawing or order, markings 
shall be located as follows: 

3,6. 3.1 Plastic Insulated Conductors. Individual plastic insulated conductors ! 

(see 6. 1) shall be marked every 1. 2 inches, A 10%, center to center, or multiples 
thereof to a maximum of 3. 6 inches * 10%. 

3. 6. 3.2 Sleeves. 

3. 6.3. 2.1 Single and Multiple Conductor Wires. When single or multiple conductor 
wire cannot be marked directly due to size or configuration, an identification sleeve, 
of the type and size specified by the drawing, shall be affixed within 6 inches of each 
end except as specified in 3. 6.4. The sleeve shall be marked with the identification 
and color code of each wire it encloses. 

3. 6. 3. 2. 2 Cables and Shielded and Twisted Wire. Cables, multiple conductor 
shielded wire, and twisted wire in which individual conductors are color coded shall 
be marked as assemblies. The marking shall be on identification sleeves attached 
to the cable or wires within 6 inches of each end. 

3. 6.4 Wires Not Requiring Marking. Unless otherwise specified by the drawing or 
order, the following wires shall not be marked: 

a. Shield grounds less than 6 inches long 

b. Short wires 3 inches or less in length 

c. Individual color coded wires 

d. Wire used in wire wrap assemblies 

3. 6.5 Marking Method. Unless otherwise specified bn the drawing plastic sleeving 
4nd insuiatioh shall be marked by hot impression stamping per 3.3.3. 

3.7 TYPES OF MARKINGS. Unless specified by the drawing, the material being 
marked shall determine the type of marking. 

3 . 7.1 Rubber Stamping, Stencilling, and Silk Screening. Rubber stamping, hand 
r na yking f stencilling, and/or silk screening shall be applied on plastic, ceramic, 
anodized, and other surfaces not suitable for impression stamping, electromech¬ 
anical etching, or electro etching. Hand marking shall be limited to remarking, 
when original marking methods cannot feasibly be used. The markings shall be 
applied on clean or properly primed surfaces after final protective treatment. Mark¬ 
ings shall be made with materials having a high degree of contrast and legibility. 
Temporary ink shall not be used on materials harmfully affected by the solvents used 
for removing the marking. The inks selected for either permanent or temporary 
markings shall not affect the function or serviceability of the part or assembly. 
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3.7.2 Impression Stamping on Metallic Surfaces. The marking area shall be properly 
back supported to avoid detrimental* induced stresses. The stamping shall be performed 
in a manner which will leave a uniform impression. Impressions shall not cause distor¬ 
tion, flattened areas, or other visible marks on the reverse side of the surface being mark¬ 
ed (except nameplates or tags and similar items which vhall be stamped before attachment 
to the part)* If specified, impressions 3hall be filled with a permanent enamel of a con¬ 
trasting color such as an enamel conforming to Type I of Specification MIL-E-77 29. The 
impression stamping shall be reidentified by la permanent ink following a coating treatment, 
if necessary. 

3.7.2.1 Hand Marking. Hand marking of metallic surfaces shall be limited to remarking, 
when original marking methods cannot feasibly be used. 

3.7.3 Hot Impression Stamping. 

3. 7. 3.1 Plastic Covered Wire or Sleeving. 

3.7.3.1.1 Foil. The foil used shall meet the requirements of Specification QQ-T-2 5, 

Type HI for marking tetrafluoroethylene and Type I for marking other plastics. 

3.7.3.1.2 Tools and Fixtures. Tools and fixtures of the marking machine shall be pro¬ 
perly matched with the contour of the surface to be marked. 

3.7.3.1.3 Impression Depth. The depth of the impressed markings shall be no less than 
0.002 inch when measured from the surface of the material being marked to the top of the 
pigment layer of the marking. 

3.7.3.1.4 Character Height. If no height is specified by the drawing or order, characters 
shall be 1/8 inch high. 

3.7.3.1.5 Processing. The process of hot impression stamping shall conform to at least 
the following: 

a. The material to be marked shall be cleaned of any materials thati would delee 
teriously affect the marking process or quality. 

b. Platen temperatures shall be as recommended in Table I. 


TABLE I 

RECOMMENDED FLATBN; TEMPERATURES 


MATERIAL 

TEMPERATURE (°F) 

Nylon and Polyethylene 

400 to 450 

Vinyl 

350 to 375 

Acrylics, Polystyrene and 
Celluloses 

250 to 425 

Tetrafluorpethylene 

425±5 
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c. After marking tetrafluoroethylene, the material shall be sintered for approximately 
1 to 2 seconds at 620° to 650° F. 

S. 7.4 Electrochemical Etching . Unless otherwise specified by the drawing, electrochemical 
etching shall be used for permanent marking of bare metallic or conductive surfaces in 
preference to rubber stamping, or where impression stamping is unsuitable. The etchings 
and the area around them shall be properly cleaned to prevent rust or corrosion. 

3.7.5 Electroetching . When specified on foe engineering drawing,the electroetch method 
may be used. 


3.7.6 Nameplates . When nameplates are specified by die engineering drawing for marking 
units and complete assemblies, the markings on the nameplates shall be by one of the 

methods specified herein. Type-impression markings, applied either fay hand or machine, 
shall be the preferred method. 

3. 7.7 Tagging and Bagging . Parts requiring tagging shall be tagged with a wrap-around 
strip of metal or other suitable material bearing the identification marking. The tag and 
wire material shall be compatible with the part material. Ferrous tag or wire material 
shall not be used with nonforrous parts, except brass or bronse. Aluminum tags or wire 
shall be used with aluminum and magnesium alloy parts. 

3.7.7.1 Bagging. Parts teat are too small, or otherwise unsuitable for other methods el 
Iden t i fi cati o n, shall be identified fay rubber stamping the bag, container, or envelope. 

3.8 WORKMANSHIP. All markings shall be clearly legible and shall be applied in a manner 
that will insure teat the markings do not adversely affect the structural quality, protective 
finish, or intended use of tee part or surface. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 INSPECTION. AH markings shall be visually inspected for legibility, definition, neatness, 
uniformity and conformance to the requirements of this specification. 

4.2 REJECTION. Failure to meet any of the requirements of this specification shall be cause 
for rejection of tee part bearing the failed marking. 

5. PREPARATION FOR DELIVERY. There are no applicable requirements. 

6. NOTES 

6.1 PLASTIC INSULATION. Plastic insulation includes at least nylon, irradiated polyethylene, 
vinyl, acrylics, celluloslcs, and tetrafluoroethylene. 
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1. SCOPE 
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1.1 This specification establishes the general marking requirements for parts and assemblies. 


2. APPLICABLE DOCUMENTS 

* > 

2.1 The following documents of the issue in effect on the Ante of invitation for bids form a 
part of this specification to the extent specified herein. 

SPECIFICATIONS * * V . 


Federal 

QQ-T-25 

Military 

MIL-V-173 

MIL-E-7729 
Apollo GIN 


' Tape, Electric Wire-Flexible Insulating Sleeving 
Marking Machine (Foil, Wire Identification,Marking) 


Varnish, Moisture and Fungus - Resistant, for the Treatment 
of Communications Electronics and Associated Electrical Equipment 

Enamel, Gloss,. Aircraft Application 


. ND-1002122 Futura Demibold Characters, Process Specification 

ND 1002112 Silk Screening, Process Specification 

BCD 1010920 t Ink, Stamp. Pad and Marking Stencil - 

BCD 1006271. *, Ink, Marking > . 

. - BCD 10125^5’*. Ink, Marking 


^•2 CONFLICTING REQUIREMENTS In the event of conflict between the requirements of 
the applicable drawings, this specification, and other documents cited herein, 
resolution must be obtained, from the MIT Apollo Ifanagement Office via the 
purchaser.. • 
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3. REQUIREMENTS 

3.1 PREFERENCE. Marking by stamping, silk screening, or stencilling shall 
be preferred to engraving, electric etching or hand marking. However, all 
marking shall be suitable for the intended purpose, shall be legible, and shall be 
as permanent as the item being marked. 

3. 2 CHARACTERS. Letters shall be without serifs (sans-serifs) such as 
«Gothic" or "Futura" capitals, and the numerals shall be Arabic. Other 
characters and hand marking shall be of a similar appearance. 

3. 2.1 Style. Unless otherwise specified by the drawing, characters except for 
hand marking shall be Future Demibold applied as specified by Specification 
ND 1002122. 

3. 2. 2 Size. Unless otherwise specified, character siae shall be proportional to 
the area available for marking; 1/12 through 1/4-inch characters shall be preferred. 

3.3 LOCATION AND TEXT. Unless otherwise specified herein, the text and 
location of markings shall be as specified by the drawing or order. 

3.4 PROCESS LIMITATIONS 

3. 4.1 Electric Etching. Electric etching shall be used only to mark inherently 
corrosion resistant metallic materials. 

3.4. 2 Engraving. Plated surfaces shall not be engraved or etched. 

3.4.3 Encapsulation. Encapsulated surfaces shall be silk screened or stencilled. 

3.5 PROTECTION OF FINISHED MARKINGS 

3.5.1 Ink and Enamel Markings. Applied ink, except epoxy ink, and enamel mark¬ 
ings shall be protected with one coat of commercial grade acrylic lacquer or one 
coat of varnish conforming to Type I of Specification MIL-V-173. A protective 
coating shall not be used when it will cause flaking of applied markings or have other 
deleterious effects on the marking or part. 

3.6 CABLE AND HARNESS MARKING. Unless otherwise specified by the drawing 
or order, harness and cable marking shall consist of the harness or cable identifica¬ 
tion letter or wire list identification letter, as applicable, followed by the conductor 
number. 

3. 6.1 Form. / , * r 

3. 6.1.1 Style. Letters shall be without serifs (sans-serifs) such as "Gothic" or 
"Futura" capitals, and the numerals shall be Arabic. Other characters and hand 
marking shall be of similar appearance. /■ 
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3. 6.1. 2 Height. Marking* shall be not lees than 3/64 inch in height. 

3. 6. 2 Color. Markings shall be black except when black does not contrast with 
the sur face be ing marked, in which case the marking color shall be white or 
yellow. 


3. 6.3 Location. Unless otherwise specified by the drawing or order, markings 
shall be located as follows: 

3 6 3.1 Plastic Insulated Conductors. Individual plastic insulated conductors ! 

(eee 6. 1) shall be marked every 1. 2 inches, A 10%, center to center, or multiples 
thereof to a maximum of 3. 6 inches * 10%. 

3. 6.3. 2 Sleeves. 

3. 6.3. 2.1 Single and Multiple Conductor Wires. When single or multiple conductor 
wire cannot be marked directly due to size or configuration, an identification sleeve, 
of the type and size specified by the drawing, shall be affixed within 6 inches of each 
end except as specified in 3. 6. 4. The sleeve shall be marked with the identification 
of each wire it encloses. ’ Jr »’ 'V 

3. 6.3. 2. 2 Cables and Shielded and Twisted Wire. Cables, multiple conductor 
shielded wire, and twisted wire in which individual conductors are color coded shall 
be marked as assemblies. The marking shall be on identification sleeves attached 
to the cable or wires within 6 inches of each end. 


3 . 6.4 Wires Not Requiring Marking. Unless otherwise specified by the drawing or 
order, the following wires shall not be marked: 


a. Shield grounds less than 6 inches long 

b. Short wires 3 inches or less in length 

c. Individual color coded wires 

d. Wire used in wire wrap assemblies 


3 . 6.5 Marking Method. Unless otherwise specified bn the drawing plastic sleeving . 
ind insulatioh shall be marked by hot impression stamping per 3.3. 3. 

3.7 TYPES OF MARKINGS. Unless specified by the drawing, the material being 
marked shall determine the type of marking. 


3.7.1 Rubb er Stamping. Stencilling, and Silk Screening. Rubber stamping, hand 
marking, stencilling, and/or silk screening shall be applied on plastic, ceramic, 
anodised, and other surfaces not suitable for impression stamping, electromech- 
anical etching, or electro etching. Hand marking shall be limited to remarking, 
when original marking methods cannot feasibly be used. The markings shall be 
applied on clean or properly primed surfaces after final protective tr ® atme “** Mark “ 
ings shall be made with materials having a high degree of contrast and legibility. 
Temporary ink shall not be used on materials harmfully affected by the solvents used 
for removing the marking. The inks selected for either permanent or temporary 
markings shall not affect the function or serviceability of the part or assembly. 


(Revf>) 


3 




Apollo OSH Spocifleatlm 
ND-1002019-# 

TDHRNO. 01769 

CllM A ftolMM* 

6 April 1066 


MARKING, 

GENERAL SPECIFICATION FOR 



This opoctfioattoo ooaiMi of poga 1 
to ill and 1 to 4 toohaolro. 






















Apolto GON Specification 
ND-1002#l*g 


MARKING, 

GENERAL SPECIFICATION FOR 


' i?l! ; 

;f !? 


1. SCOPE 


1.1 This spe cifi cati on establish— S m |nml teuktog wylwSa for puts ami —mbit—. 

2. APPLICABLE DOCUMENTS ^ f 

2.1 The following document* of tho i— la effect on fee lefts of tavfttaftftom ter bid* fern a 
pert of this specification to tho exteat specified hereto/ 
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SPECIFICATIONS * 

Federal 

QQ-T- 2 S, 


Military 
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t MIL-E-T72S 

Apollo GIN 

ND-1002122 
»D 1002112 
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3*1*1 Airborne Applications 
3*1.1.1 Barts (SCD's) 

3.1.1.1.1 Rubber «tM?> «nd etenclUng: Preferred ink shall 
be per SCD 1010920 for rubber stanping and the 
preferred ink ahall be per BCD 1006271 for stenciling 

3.1.1.1.2 Silk Screening: Preferred ink abaU be per SCD 100&71 

3. 1 . 1.2 Assemblies (modules, etc) 

3*1*1*2«1 Rubber stamp 

3.1.1.2.1.1 Which interface irith cabin atacwphere: 

Ink Shall be per SCD 1010920. 

3.1.1.2. 1.2 Which do not interface irith cabin 
«t*o«i*eret Ink ahall be per 3.1.1.2.1.1 
or alternate ink per SCD 10125 - 4 - 5 . 

3. 1 .1.2.2 •tenclllng: Ink .ball be per 

3*1*2 Ground Support Applications 

3. 1 . 2.1 Barts (SCD's)s Same as 3 .I. 1.1 

3a ' 2 ' 2 “““ «ultable for 

3,2 seises issrsp t m " oothie " - 

marking shall be of a «imilari^eLtmce7 * ArablCm oth * p characters and hand 

Specification MD 1002122. Ura ^a^hold applied as specified by 

«». proportional to 

preferred. “**• 1/12 throu «h lA-inch characters shall be 

5J ££2 ait ssa* « -■—-« 









Apollo G&a Specification 
ND-1002019 


3.3.1 Marking, Waiver 

Components or items •which are deemed to possess a condition which would or 
could make them undesirable for flight use shall be marked conspicuously as 
defined and authorized by the applicable waiver, 

3.3.2 Marking, Location 

This marking shall be accomplished adjacent to the part number for the 
% assembly levels specified by the waiver. Marking consists of a 1/4" 
diameter yellow dot utilizing ink which conforms to 1006271-4. 

3,4 Process Limitations 

3.4.1 Electric Etching Electric etching shall be used only to mark inherently 
corrosion resistant metallic materials* 

3.4.2 Engraving Plated surfaces shall not be engraved or etched* 

3.4.3 Encapsulation Encapsulated surfaces shall be silk screened or stencilled* 

3.3 Protection of finished Markings 

3.5.1 Airborne Applications 

3.5*1*1 Ink per SCD 1010920: overcoating per M3X-V-173 type I is required 
3.5*1*2 Ink per SCD's 1006271 and 1012545, No coating is required, 

3.5.1*3 Other inks (SCD's) The coatings shall be suitable for the purpose 

intended, shall not cause flaking of applied markings or have other 
deleterious effects on the markings or the part* An aeryllic lacquer 
should not be used* 

3.5.2 Ground Support Application* The coating shall be suitable for the purpose 
intended* 

3,6 Cable and Harness Marking, Unless otherwise specified by the drawing or order, 
harness and cable marking shall consist of the harness or cable identification 
letter or wire list identification letter, as applicable, followed by the 
conductor number* 

3.6.1 Form 

3.6.1.1 Style Letters shall be without serifs (sans-serifs) such as "Gothic" or 
"Futura” capitals, and the numerals shall be Arabic* Other characters and 
hand marking shall be of similar appearance* 
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3. 6.1. 2 Height. Markings shall be not less than 3/64 inch in height. 

3. 6. 2 Color. Markings shall be black except when black does not contrast with 
the surface being marked, in which case the marking color shall be white or 
yellow. In addition, green may be used for ground support equipment* 

3. 6.3 Location. Unless otherwise specified by the drawing or order, markings 
shall be located as follows: 

3.6.3.1 Plastic Insulated Conductors. Individual plastic insulated conductors ! 

(see 6. 1) shall be marked every 1. 2 inches, * 10%, center to center, or multiples 
thereof to a maximum of 3. 6 inches A 10%. 

3. 6. 3.2 Sleeves. 

3. 6.3. 2.1 Single and Multiple Conductor Wires. When single or multiple conductor 
wire cannot be marked directly due to size or configuration, an identification sleeve, 
of the type and size specified by the drawing, shall be affixed within 6 inches of each 
end except as specified in 3. 6. 4. The sleeve shall be marked with the identification 
of each wire it encloses. ? ’ 

3. 6. 3. 2. 2 Cables and Shielded and Twisted Wire. Cables, multiple conductor 
shielded wire, and twisted wire in which individual conductors are color coded shall 
be marked as assemblies. The marking shall be on identification sleeves attached 
to the cable or wires within 6 inches of each end. 

3. 6.4 Wires Not Requiring Marking. Unless otherwise specified by the drawing or 
order, the following wires shall not be marked: 

a. Shield grounds less than 6 inches long 

b. Short wires 3 inches or less in length 

c. Individual color coded wires 

d. Wire used in wire wrap assemblies 

3. 6.5 Marking Method. Unless otherwise specified bn the drawing plastic sleeving 
ind insulation shall be marked by hot impression stamping per 3.3.3. 

3.7 TYPES OF MARKINGS. Unless specified by the drawing, the material being 
marked shall determine the type of marking. 

3.7.1 Rubber Stamping, Stencilling, and Silk Screening. Rubber stamping, hand 
marking, stencilling, and/or silk screening shall be applied on plastic, ceramic, 
anodized, and other surfaces not suitable for impression stamping, electromech¬ 
anical etching, or electro etching. Hand marking shall be limited to remarking, 
when original marking methods cannot feasibly be used. The markings shall be 
applied on clean or properly primed surfaces after final protective treatment. Mark¬ 
ings shall be made with materials having a high degree of contrast and legibility. 
Temporary ink shall not be used on materials harmfully affected by the solvents used 
for removing the marking. The inks selected for either permanent or temporary 
markings shall not affect the function or serviceability of the part or assembly. 


(RevF>) 
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3.7.2 Impression Stamping on Metallic Surfaces, The marking area shall be properly 
back supported to avoid detrimental, induced stresses* The stamping shall be performed 
in a manner which will leave a uniform impression. Impressions shall not cause distor- 
tion,flattened areas, or other visible marks on the reverse side of the surface being mark¬ 
ed (except nameplates or tags and similar items which allall be stamped before attachment 
to the part). If specified, impressions shall be filled with a permanent enamel of a con¬ 
trasting color such as an enamel conforming to Type I of Specification MIL-E-7729. The 
impression stamping shall be reidentified by ta permanent ink following a coating treatment* 
if necessary. 

3.7.2.1 Hand Marking. Hand marking of metallic surfaces shall be limited to remarking, 
when original marking methods cannot feasR^y be used. 

3.7. 3 Hot Impression Stamping. 


3.7. 3.1 Plastic Covered Wire or Sleeving. 

^ i 

3.7.3.1.1 Foil. The foil used shall meet the requirements of Specification QQ-T-2 5, 

Type HI for marking tetrafluoroethylene and Type I for marking other plastics. 

i 

3.7.3.1.2 Tools and Fixtures. Tools and fixtures of the marking machine shall be prp- ; 

perly matched with the contour of the surface to be marked. j 

3.7.3.1.3 Impression Depth. The depth of the impressed markings shall be no less than j 
0.002 inch when measured from the surface of the material being marked to the top of the j 
pigment layer of the marking. i 

3.7.3.1.4 Character Height. If no height is specified by the drawing or order, characters 

shall be 1/8 inch high. ^ 

i 

3.7.3.1.5 Processing. The process of hot impression stamping shall conform to at least 

the following: ! 

a. The material to be marked shall be cleaned of any materials thati would deles 

teriously affect the marking process or quality. j 

b. Platen temperatures shall be as recommended in Table I. 

a 

TABLE I j 

RECOMMENDED PLATEN TEMPERATURES 


MATERIAL _ 

Nylon and Polyethylene 
Vinyl 

Acrylics, Polystyrene and 
Celluloses 

Tetrafluoroethylene_ 


TEMPERATURE (°F) 


400 to 450 


350 to 375 
250 to 425 


(Rev F ) 
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e. After markirg tetrafluoroe thy leee, the smtorial shall be sintered for approximately 
l to 2 seconds at 620° to 650" F. 

3.7.4 Electrochemical Etching . Unless otherwise specified by foe drawing, electrochemical 
etching shall be used for permanent marking of bare metallic or conductive surfaces in 
preference to rubber stamping, or where impression stamping is unsuitable. The etchings 
and tbs area around them shall be properly cleaned to prevent rust or corrosion. 

3.7.5 Electroetching . When specified on foe engineering drawing; the electroetch method 
may be used. 


3.7.6 Nameplates . When nameplates are specified by the engineering drawing for marking 
units and complete assemblies, the markings on the nameplates shall be applied fay one of the 
methods specified herein. Type-impression markings, applied either by hand or machine, 
shall be the preferred method. 


3* 7.7 Ta gging and Bagging . Parts requiring fogging shall be tagged with a wrap-around 
strip of metal or other suitable material lusifog the identification markfcfo. The tag and 
wire material shall be compatible with the part material. Ferrous tag or wire material 
shall not be used with nonferrous parts, except brass or bronse. Aluminum tags or wire 
shall be used with aluminum and magnesium alloy parts. 

3.7.7.1 Bagging. Parts that are too small, or otherwise unsuitable for ether methods of 
identification, shsli bo identified by rubber stamping the bag, container, or envelope. 

3- 3 WORKMANSHIP. All markings shall be dearly legible and sh«li be applied in a manner 
that will insure that the markings do not adversely affect foe structural quality, protective 
finish, er intended use of the part or surface. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 INSPECTION. All markings shall be visually inspected for legibility, definition, neatness, 
uniformity and oonfomnanss to tbs requirements of this specification. 

4.2 REJECTION. Failure to meet any of the requirements of this spsdficatioe shall be cause 
for rejection of foe part bearing the failed marking. 

5. PREPARATION FOR DELIVERY, There are no applicable requirements, 
f. NOTES 

6.1 PLASTIC INSULATION. Plastic insulation includes at least nylon, irradiated polyethylene, 
vinyl, acrylics, celiulosics, and tetrafluoroethylene. 


(Rev 1) 
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3. REQUIREMENTS 

3.1 MARKING. Marking by stamping, silk screening or stenciling shall be preferred to 
engraving, electric etching or hand marking. However, all marking shall be suitable for the 
intended purpose, shall be legible, and shall be as permanent as the item being marked. 

3.1.1 Airborne Applications 

3.1.1.1 Parts (SCD's) 

3.1.1.1.1 Rubber stamp and stenciling : Preferred inks 

be per SCD 1010920 or alternate ink per BCD 1012545 
for rubber stamping and the preferred ink shall be per 
SCD 1006271 for stenciling. 

3.1.1.1.2 §4K Screening: Preferred ink shall be per SCD 1006271. 

3.1.1.2 Assemblies (modules, etc! 

3.1.1.2.1 Rubber stamp . Ink shall be per SCD1010920 or 
alternate ink per SCD1012545. 

3.1.1.2.2 Silk screen ing and ink shall be per 

SCD 1006271. 

3.1.2 Ground Support Applications 

3.1.2.1 Parts (SCD's) ; Same as 3.1.1.1. 

3 * 2 « 2 Assemblies (modules, etc.) Ink shall be suitable for the 

purpose intended. 

3.2 CHARACTERS. Letters shall be without serifs (sans-serifs) such as "Gothic” or 
"Futura" capitals, and the numerals shall be Arabic. Other characters and hand 
marking shall be of a similar appearance. 

3.2.1 Style Unless otherwise specified by the drawing, characters except for hanH marking 
and stenciling shall be futura demibold applied as specified by Specification ND 1002122. 

3.2.2 Size, Unless otherwise specified, character size shall be proportional to the area 
available for marking; 1/12 through 1/4-inch characters shall be preferred. 

3 * 3 L 9£ft TIQ N . AND TEXT, Unless otherwise specified herein, the text add location of 
markings shall be as specified by the drawing or order. 
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3.3.1 Marking. Waiver . Components or items which are deemed to possess a condition which 
would or could make them undesirable for flight use shall be marked conspicuously as defined 
and authorized by the applicable waiver. 

3.3.2 Marking. Location. This marking shall be accomplished adjacent to the part number for 
the assembly levels specified by the waiver. Marking consists of a 1/4” diameter yellow dot 
utilizing ink which conforms to 1006271-4. 

3.3.3 Qualification Test Hardware 

a. Marking and Identification. When required by the test document, all articles, having 
been exposed to a qualification test environment, shall be marked with yellow characters 
1/4 inch high. The words ”QUAL TEST” shall be used to identify this type of hardware. 

b. Marking Location. Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to size limitations shall be identified by tagging or bagging and marking 
the tag or bag. 

c. Marking Application Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004. 

3.3.4 Evaluation Test Hardware 

a. Marking and Identification When required by the test document, all articles having 
undergone evaluation testing shall be marked with yellow characters 1/4 IslGl^ftiglf! 

The words ”EVAL TEST” shall be used to identify this type of hardware. 

b. Marking Location Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to size limitations shall be identified by tagging or bagging and marking 
the tag or bag. 

c. Marking Application Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004. 

3.3.5 Flight Hardware 

a. All articles having been subjected to flight shall be marked with yellow characters 1/4 
inch high. The word "flight” followed by the flight number shall be used to identify 
this type hardware. 

b. Marking Location Mark per 3.3.4.b. 

c. Marking Application Mark per 3.3.4.C above. 



APOLLO GAN Specification 
ND1002019 H 


3.4 ftPWM LtoK*tt9Ftf 

3.4.1 Electrtp Etching . Electric etching shall be need only to mark inherently corroelon 
reeletant metallic materials. 

3.4.2 Engraving. Plated surfaces shall not be engraved or etehed. 

3.4.3 Eqcgpeiflgtion . Encapsulated surfaces shall be silk screened or etenetled. 

9.5 jpyotesttea of WpJM M4rttoM 

3.6.1 Airborne Application 

3.6.1.1 fok per BCD lOXOpfl) : overcoating per MIL-V-178 type I Is required. 

3. 6.1.2 Ink per BCD's 100^271 and 1012546. No coating Is required. 

3.5.1.3 Other inks The coatings shall be suitable for the purpose Intended, shall not 

cause flaking of applied markings or have other deleterious effects on the markings or the part. 

An aery 11 Ic lacquer should not be used. 

8.5.2 Gryuqd Support Appllcatlpp . Jhe coating shall be suitable for the purpose Intended. * 

3.6 Cable and Harness Marklpg . Unless otherwise specified by the drawing or order, harness 
and cable marking shall consist of the harness cT cable identification letter or wire list identification 
letter, as applicable, followed by the conductor number. 

3.6.1 Form 

3.6.1.1 Style. Letters shall be without serifs (sans-serifs) such as "Gothic" or "Futura" 
capitals, and the numerals shall be Arabic. Other characters and hand markiig shall be of 
similar appearance. 

3.6.1.2 Height. Markings shall be not less than 3/64 Inch In height. 

8.6.2. Color . Markings shall be black except when black does not contrast with the surface 
being marked, In which case the marking color shall be white or yellow. In addition, green may 
be used for ground support equipment. 

3.6.3 Location. Unless otherwise specified by the drawing or order, markings shall.be 
located as follows: 
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3# 6.3.1 Plastic Insulated Conductors. Individual plastic insulated conductors (see 6.1) 
shall be marked every 1.2 inches, ±10%, center to center, or multiples thereof to a maximum 
of 3.6 inches ±10%. 

3 6 3 2.1 Single and Multiple Conductor Wires. When single or multiple conductor wire cannot 
be marked directly due to size or configuration, an identification sleeve, of the type and size 
specified by the drawing, shall be affixed within 6 inches of each end except as specified in 3.6.4. 
The sleeve shall be marked with the identification of each wire it encloses. 

3.6.3.2.2 Cables and Shielded and Twisted Wire . Cables, multiple conductor shielded wire, 
and twisted wire in which individual conductors are color coded shall be marked as assemblies. 

The marking shall be on identification sleeves attached to the cable or wires within 6 inches of 
each end. 

3.6.4 Wires Not Requiring Marking . Unless otherwise specified by the drawing or order, the 
following wires shall not be marked: 

a. Shield grounds less than 6 inches long 

b. Short wires 3 inches or less in length 

c. Individual color coded wires 

d. Wire used in wire wrap assemblies 

3 .6.5 Marking Method. Unless otherwise specified on the drawing plastic sleeving and 
insulation shall be marked by hot impression stamping per 3.7.3. 

3.7 TYPES OF MARKINGS. Unless specified by the drawing, the material being marked shall 
determine the type of marking. 

3 . 7.1 Rubber Stamping. Stenciling, and Silk Screening . Rubber stamping, hand marking, 
stenciling, and/or silk screening shall be applied on plastic, ceramic, anodized, and other 
surfaces not suitable for impression stamping, electromechanical etching, or electro etching. 
Hand marking shall be limited to remarking, when original marking methods cannot feasibly 
be used. The markings shall be applied on clean or properly primed surfaces after final pro¬ 
tective treatment. Markings shall be made with materials having a high degree of contrast and 
legibility. Temporary ink shall not be used on materials harmfully affected by the solvents used 
for removing the marking. The inks selected for either permanent or temporary markings shall 
not affect the function or serviceability of the part or assembly. 

3.7.2 Impression Stamping on Metallic Surfaces. The marking area shall be properly back 
supported to avoid detrimental, induced stresses. The stamping shall be performed in a manner 
which will leave a uniform impression. Impressions shall not cause distortion, flattened areas, 
or other visible marks on the reverse side of the surface being marked (except nameplates or 
tags and similar items which shall be stamped before attachment to the part). If specified, 
impressions shall be filled with a permanent enamel of a contrasting color such as an enamel 
conforming to Type I of Specification MIL-E-7729. The impression stamping shall be reidentified 
by a permanent ink following a coating treatment, if necessary. 
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3*7.2.1 Hand Marking. Hand marking of metallic surfaces shall be limited to remarking when 
original marking methods cannot feasibly be used. 

3.7.3 Hot Impression Stamping 

3.7.3.1 Plastic Covered Wire or Sleeving 

3.7.3.1.1 Foil. The foil used shall meet the requirements of Specification QQ-T-25, Type HI 
for marking tetrafluoroethylene and Type I for marking other plastics. 

3.7.3.1.2 Tools and Fixtures . Tools and fixtures of the marking machine shall be properly 
matched with the contour of the surface to be marked. 

3.7.3.1.3 Impression Depth. The depth of the impressed markings shall be no less than 
0.002 inch when measured from the surface of the material being marked to the top of the 
pigment layer of the marking. 

3.7.3.1.4 Character Height . If no height is specified by the dravi ng or order, characters 
shall be 1/8 inch high. 

3.7.3.1.5 Processing. The process of hot impression stamping shall conform to at least the 

following: , 

a. The material to be marked shall be cleaned of any materials that would deleteriously 
affect the marking process or quality. 

b. Platen temperatures shall be as recommended in Table I. 

TABLE I 

RECOMMENDED PLATEN TEMPERATURES 


MATERIAL 

TEMPERATURE f 

Nylon and Polyethylene 

400 to 450 

Vinyl 

350 to 375 

Acrylics, Polystrene and 


Cellulosics 

250 to 425 

Tetrafluoroethylene 

425±5 


c. After marking tetrafluoroethylene, the material shall be sintered for approximately 
1 to 2 seconds at 620° to 650°F. 
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3.7.4 Electrochemical Etching , Unless otherwise specified by the drawing, electrochemical 
etching shall be used for permanent marking of bare metallic or conductive surfaces in preference 
to rubber stamping, or where impression stamping is unsuitable. The etchings and the area 
around them shall be properly cleaned to prevent rust and corrosion. 

3.7.5 Electroetching . When specified on the engineering drawing, the electroetch method may 
be used. 

3.7.6 Nameplates . When nameplates are specified by the engineering drawing for marking 
units and complete assemblies, the markings on the nameplates shall be applied by one of the 
methods specified herein. Type-impression markings, applied either by hand or machine, 
shall be the preferred method. 

3.7.7 Tagging and Bagging. Parts requiring tagging shall be tagged with a wrap-around 
strip of metal or other suitable material bearing the identification marking. The tag and 
wire material shall be compatible with the part material. Ferrous tag or wire material shall 
not be used with nonferrous parts, except brass or bronze. Aluminum tags or wire shall be 
used with aluminum and magnesium alloy parts. 

3.7.7.1 Bagging . Parts that are too small, or otherwise unsuitable for other methods of 
identification, shall be identified by rubber stamping the bag, container, or envelope. 

3.8 WORKMANSHIP. All markings shall be clearly legible and shall be applied in a manner 
that will insure that the markings do not adversely affect the structural quality, protective 
finish, or intended use of the part or surface. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 INSPECTION. All markings shall be visually inspected for legibility, definition, neatness, 
uniformity and conformance to the requirements of this specification. 

4.2 REJECTION. Failure to meet any of the requirements of this specification shall be cause 
for rejection of the part bearing the failed marking. 

5. PREPARATION FOR DELIVERY. There are no applicable requirements. 

6. NOTES 

6.1 PLASTIC INSULATION. Plastic insulation includes at least nylon, irradiated polyethylene, 
vinyl, acrylics, cellulosics, and tetrafluoroethylene. 


WS/jls 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 INSPECTION. All markings shall be visually inspected for legibility, definition, neatness, 
uniformity and conformance to the requirements of this specification. 

4.2 REJECTION. * Failure to meet any of the requirements of this specification shall be cause 
for rejection of the part bearing the failed marking. 

5. PREPARATION FOR DELIVERY. There are no applicable requirements. 

6. NOTES 

6.1 PLASTIC INSULATION. Plastic insulation includes at least nylon, irradiated polyethylene, 
vinyl, acrylics, cellulosios, and tetrafluoroethylene. 
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3.3.1 Marking. Waiver . Components or items which possess an established condition which 
significantly affects reliability and which should not be used for flight systems shall be marked 
conspicuously as defined and authorised fay the applicable contract waiver or FNN. 

3* 3.2 Marking. Lopation. This marking shall be accomplished adjacent to the part number for 
the assembly levels specified by the waiver. Marking consists of a 1/4" diameter yellow dot 
utilising ink which conforms to 1006271-4. 

3.3.3 Qualification Test Hardware 

a. Marking and Identification. When required by the test document, all articles, having 
been exposed to a qualification test e n v i ronment, shall be marked with yellow characters 
1/4 inch high. The words "QUAL TEST" shall be used to identify this type of hardware. 

b. Marking Location. Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to else limitations shall be identified by tagging or bagging and marking 
the tag or bag. 

c. Marking Application Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004.or SCD1012545-005. 

3.3.4 Evaluation Test Hardware 

a. Marking and Identification When required by the test document, all articles having 
undergone evaluation testing shall be marked with yellow characters 1/4 inch high. 

The words "EVAL TEST" shall be used to identify this type of hardware. 

b. Marking Location Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to size limitations shall be identified by tagging or bagging and marking 
the tag or taf. 

c. Marking Application Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004«r SC D1012545-005. 

3.3.5 Flight Hardware 

a. All articles having been subjected to flight shall be marked with yellow characters 1/4 
inch high. The word "flight" followed by the flight number shall be used to Identify 
this type hardware. 

b. Marking Location Mark per 3.3.4. b. 

c. Marking Application Mark per 3.3.4. c above. 
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3.3.6 Teat Articles 

ft. Functionally operational units of leas than "Class A* status used as test articles 
or workhorse units shall be marked with yellow characters 1/4 inch high. The 
words "TEST ARTICLE" shall be used to Identify this type of hardware. 

b. Marking Location; Mark per 3;3.4.b. 


*• Marking Application: Mark per 3.3.4. e. 


ylllum Warnin 


a. A Beryllium Warning Decal, Part Number 2021263, shall be applied to the 

external parts and/or assemblies of all G&N Systems that contain beryllium. . 
The decals shall be applied immediately after completion of the Intended use of 
the system such as after flight, prototype evaluation, qualification testing, or 
evaluation of learners. 


b. The decal shall be located in an area readily visible from the assembled position 
and shall be applied directly to the beryllium part or assembly. „The following 
equipment shall be So identified: 


Block I 
CDU's 

CDU Frame Assembly 

IMU Assembly 

NAV BASE Frame Assembly 

Optical Unit 

PSA Toe Cap 


Block n and LEM 

Optical Unit 
IMU Assembly 
AOT 

IMU and PIPA Assembly 
IMU and Pulse Torque Assembly 


c. The decal shall be bonded to the equipment in accordance with the requirements of 
Specification ND1002219, Method Q, except that beryllium surfaces shall not be abraded. 
Application of the decal directly to a painted surface will be acceptable. 
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2.4 ft W Ltattttt9P> 

5.4.1 Electric Etching. Electric etching shall be lined only to mark Inherently corroelon 
reeintent metallic materlala. 

I.4.S Enfriftng. Plated enrfaoee nhall not be engraved or etehed. 

1*4.9 XBSgggglattSB* Encaponlated earfaoee ehall be silk screened or stenciled. 

* 

»•* Protection at Flntahed Marking. i 

1.6.1 AliW» AimllMtlnpf 

Ink per »CD 1»10«20 : ovareoattng par lOp-V-173 typ. I la xaqntead. 

Ink Mr BCD'! 100 >271 and 101»64». Mo noting te ranuliad. 

1.5.1.1 flthnr inVq Tha eogtlng. Mull ba aultebla tor tha pgrpo*. intended, akall not 

eauae flaking of applied marking* or have otter deletertoua effeeta on the marking* or the part. 

An acryllic lacqeer aheuld not be lined. 

9.6.2 qrynyj Support Application. Jhe coating shall be suitable for the purpose Intended. 

i 

2*9 Cable and Harness Markina . Unless otherwise specified by the drawing or order, harness 
and cable marking shall consist of the harness or cable identification letter or wire list identification 
letter, as applicable, followed by the conductor number. 

2.6.1 Form 

2.6.1.1 Style. Letters shall be without serifs (sans-serifs) such aa "Gothic" or "Fhtura" 
capitals, and the numerals shall be Arabic. Other characters and hand markii* shall be of 
similar a p p e a r ance. 

2.6.1.2 Height. Markings shall be not lees than 2/64 Inch In height. 

2.6.2. Color. Markings shall be black except when black does not contrast with the surface 
being marked. In which case the marking color shall be white or yellow. In addttlon, green may 
be used for ground support equipment. 

2.6.2 Location. Unless otherwise specified fay the drawing or order, markings shall ba 
located aa follows: 
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MARKING, 

GENERAL SPECIFICATION FOR 


Reoord ol Revisions 


Revision 

Letter 

TDRR 

No. 

Pages 

Revised 

Approvals 

Date 

AC 

NASA 

A 

02651 

All 

a/I// , 


5^4.3 

B 

059^1 

2 and 3 only. 

uJ/<L 

dfi .... 


C 

09940 

2, 3, 4 

uk 

.'U^k )6 

6/9/64 

D 

15276 

1, 2, 3 

till. 

/<!—' 


E 


2 & 3 


i. C. METZGER 

itn 

F 

mu 

- 

uil 

A C MI I/.Cm i 

ihi/a, 

G 

29180 

2. - - V - - 

MGM 

— 

5/26/61 

H 

31781 

3-6 was 6 pages now 8 pages 

MGM EA^y 

AJ ACM 

11/3/66 

-J- 

33152 

3 

MGM EAt^ 

'cA^ ACM 

3-2-67 

K 

35873 

1, 4-9; was 8 pages, now 9 pages 

MGM EA 

,.... btoM 

-b-L- 

37595 

JLd._■. ; 1.. ji.. ,.i , ii. , 

MGM. EA 

Cv^l-hC/' 15/19/69 


This specification consists of page i to iii and 1 to 9 inclusive. 
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3.3.1 Flight Risk Hardware 

a. Marking and Identification. Components or items which possess an established condi- 

* •. dition which significantly affects reliability and which should not be used for flight 

systems shall be marked conspicuously as defined and authorized by the applicable 
contract waiver or FNN. 

b. Marking Location. This marking shall be accomplished adjacent to the part number 
for the assembly levels specified by the waiver or FNN. 

c. Marking Application. Marking consists of a 1/4" diameter yellow dot utilizing ink 
which conforms to SCD 1006271-004. 

3.3.2 Discrepant Hardware Not Repaired . 

a. Discrepant articles which are not scheduled for failure analysis and repair shall be 
marked with yellow characters 1/4" inch high. The word "Discrepant" shall be used 
to identify this type of hardware. The articles shall be further identified with a tag or 
label which references the discrepancy document which defines the condition which has 
not been repaired. If future requirements result in authorization to failure analyze and 
repair the hardware, the marking shall be removed upon completion of repair and success¬ 
ful retest. 

b. Marking Location. Where feasible, location of marking shall be adjacent to the part , 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to size limitations shall be identified by tagging or bagging and marking 
the tag or bag. 

c. Marking Application. Marking shall be accomplished utilizing ink which conforms to 
SCD 1006271-004 or SCD 1012545-005. 

3.3.3 Qualification Test Hardware 

a. Marking and Identification. When required by the test document, all articles, having 
been exposed to a qualification test environment, shall be marked with yellow characters 
1/4 inch high. The words "QUAL TEST" shall be used to identify this type of hardware. 

b. Marking Location. Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot be 
marked due to size limitations shall be identified by tagging or bagging and marking the 
tag or bag. 

c. Marking Application. Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004 or SCD1012545-005. 

3.3.4 Evaluation Test Hardware 

a. Marking and Identification. When required by the test document, all articles having under¬ 
gone evaluation testing shall be marked with yellow characters 1/4 inch high. Articles 
assigned to such places as engineering labs where quality assurance surveillance will not 
be maintained may be marked upon assignment to the uncontrolled area or location. The 
words "EVAL TEST" shall be used to identify this type of hardware. 
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b. Marking Location. Where feasible, location of marking shall be adjacent to the part 
number and readily visible from the assembled position. Those articles which cannot 
be marked due to size limitations shall be identified by tagging or bagging and marking 
the tag or bag. 

c. Marking Application. Marking shall be accomplished utilizing ink which conforms to 
SCD1006271-004 or SCD1012545-005. 

3.3.5 Flight Hardware 

a. All articles having been subjected to flight shall be marked with yellow characters 1/4 
inch high. The word "flight" followed by the flight number shall be used to identify this 
type hardware. 

b. Marking Location. Mark per 3.3.4. b. 

c. Marking Application. Mark per 3.3.4. c above. 

3.3.6 Test Articles 

a. Functionally operational units of less than "Class A" status used as test articles or 
workhorse units shall be marked with yellow characters 1/4 inch high. The words "TEST 
ARTICLE" shall be used to identify this type of hardware. 

b. Marking Location: Mark per 3.3.4. b, 

c. Marking Application: Mark per 3.3.4. o. 


3.3.7 Beryllium Warning Decals 


a. A Beryllium Warning Decal, Part Number 2021263, shall be applied to the external parts 
and/or assemblies of all G&N Systems that contain beryllium. The decals shall be applied 
immediately after completion of the intended use of the system such as after flight, proto¬ 
type evaluation, qualification testing, or evaluation of learners. 

b. The decal shall be located in an area readily visible from the assembled position and 
shall be applied directly to the beryllium part or assembly. The following equipment 
shall be so identified: 


Block I 
CDU’s 

CDU Frame Assembly 

IMU Assembly 

NAV BASE Frame Assembly 

Optical Unit 

PSA Toe Cap 


Block II and LEM 

Optical Unit' 

IMU Assembly 
AOT 

IMU and PIPA Assembly 
IMU and Pulse Torque Assembly 


c. The decal shall be bonded to the equipment in accordance with the requirements of 

Specification ND1002219, Method n, except that beryllium surfaces shall not be abraded. 
Application of the decal directly to a painted surface will be acceptable. 
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DESCRIPTION AND REQUIREMENTS FOR PROCESS FOR CONTROL AND 
FABRICATION OF MATRIX ASSEMBLIES 

1. The purpose of this document is to establish the procedure for the fabri¬ 
cation of Matrix Assemblies. This document is intended for use in the 
APOLLO Guidance and Navigation Equipment program. 


wlk 
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DESCRIPTION AND REQUIREMENTS 


PROCESS FOR 

CONTROL AND FABRICATION OF 
MATRIX ASSEMBLIES 


1. SCOPE 

1. 1. Scope. This document establishes the requirements for process 

control and fabrication of matrices to be used in APOLLO Guidance Computer. 

*•2 The matrix assemblies consist of a network of vertical and 

horizontal nickel wires bonded to mylar tape and welded at interconnections. 

The bonded and welded network is then covered with an adhesive tape insulator. 

2. APPLICABLE DOCUMENTS 

2. i The following documents, of the issue in effect on the date of 

invitation for bids form a part of this specification to the extent specified herein. 

DRAWINGS 


1006757 

1006806 


1006826 


1003064 

1003521 

1003063 

1003523 


Wire, Electrical 

Insulation Tape, Electrical 
Thermosetting adhesive. 

Insulation Tape, Electrical 
Pressure Sensitive Adhesive' 
(Mylar). 

.800 Matrix.Assembly 

• 800 Matrix Assembly 

• 1400 Matrix Assembly 

• 500 Matrix Assembly 
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DESCRIPTION AND REQUIREMENTS FOR SOLEERLESS WRAPPED 
CONNECTION PROCESS 


1. The purpose of this document Is to outline standards and controls for 
■airing solderless wrapped connections. Ibis document is intended for 
use in the APOLLO Guidance and Navigation Equipment program. 






APPROVED BY 
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DESCRIPTION AND REQUIREMENTS 
FOR 

SOLDERLESS WRAPPED CON1E CTIONS PROCESS 

1. SCOPE 

1.1 Scope. This specification covers process standards and controls for 
making solderless wrapped connections. Specific requirements or provision 
not covered by this specification shall be as specified on the applicable drawing. 
In the event of conflict between the requirements of the applicable drawing, 
this specification and other documents cited herein, the requirements of the 
applicable drawing, this specification and the other documents specified 
herein shall govern in that order. 

The provision of this specification shall be applicable to all phases 
of wrapping of electrical connections to the extent specified herein. 

Paragraph 3.2 through 5 are applicable to automatic wire wrapping 
machinery and shall govern when such equipment is used by the contractor. 
Paragraph 30 through 60.1 are applicable to powered hand wrapping tools and 
shall govern when such tools are used by the contractor. 

1.2 Terminology. The parts which form a solderless wrapped connection 
along with terminology used in this specification are illustrated in Figure 1. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS: 

Federal - 

Fed. Test Method Metals, Test Methods 

Std. No. 151 

Military 

MIL-G-45204 Gold Plating (Electro-deposited) 

MIL-W-16878 Wire, Electrical, Insulated, 

High Temperature 

STANDARDS: 

MIL-STD-202 Test Methods for Electronic and 

Electrical Component Parts 


MIL-STD-105 


Sample Procedures and Tables 
for Inspection by Attributes 
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DRAWINGS: 

10069113 

1006732 

3. REQUIREMENTS 

3.1 Description. Solderless wrapped connections shall be made by wrap¬ 
ping a specified number of turns of wire, under tension, around a rectangular post 
having four sharp edges. The sharp edges of the wrapost produce high pressure 
points resulting in indentations on either the wire or both to meet the require¬ 
ments of stripping forces per paragraph 3 .4.1.2. The resulting gas tight high 
pressure points provide electrical continuity and mechanical stability. Wrapost' 
connections covered by this specification shall be in accordance with the following 

The wrapped connection shall include a minimum of 1/2 turn of in¬ 
sulated wire followed by the specified number of turns of bare wire (See Table III) 

3*2 General Requirements 

3.2.1 Preproduction Samples. Unless otherwise specified in the contract 

or order, preproduction samples of the solderless wrapped connections shall be 
manufactured using the methods and procedures intended for the production lot. 
Samples of solderless wrapped connections shall be tested as specified in Section 

4 herein for the purpose of determining that the production item meets the require¬ 
ments of this specification, and that the process is properly controlled. 

3.2.2 Solderless Wrapping Tools and Bits. 

3 . 2 . 2.1 Wrapping. All wrapped connections shall be made wftk hnto-t ' •n+o* 
matlc wrapping tools and bits adjusted and tested in accordance with the require¬ 
ments of 3 * 3 * 

3-2.3 Wrapost Design Requirements 

3.2.3.1 Wrapost Cross Section. The wrapost cross-section shall be square 
and nominally measure 0.045 x 0.045 inches in the square plane for 24 (AWG) wire 
and .023 x .023 inches in the square plane for 30 (AWG) wire. 

3.2.3.2 Edge Radius. All vraposts shall have sharp edges to Insure good 
contact with the wire when wrapped. The corner radii of the edges shall not ex¬ 
ceed 0.003 inches after plating. Edge burrs shall not exceed 0.0015 inches. 


Wire, Electrical, Insulated 
Wire, Electrical, Insulated 
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3.2. 3 .3 Length. The minimum effective length of the vrapost measured 
from the vrapost retainer to the base of the vrapost apex, shall he as shovn 
in Table I for the applicable number of vruppers and vlre size. 

3.2. 3 .4 Durability. Wrapost shall be durable enough to vithstand being 
unvrapped and revrapped a minimum of 10 times and still comply vith the require* 
ments of 3*4.1.2. 

3.2.3.5 Material. Wraposts shall be made from a suitable copper alloy 
having hardness of from Rockwell C25 to 40. 

Table I. Wrapost Length 


Wire 

Size 

(AHQ) 

Nominal 

Wire Dla 
(Inches) 

Wire 

Circular 

Mils 

Effective Length 

Min Values in inches 

1 Wrapper 2 Wrappers 3 Wrappers 

24 

.0201 

404 

.0.210 

0.420 

0.660 

30 

.0100 

101 

0.175 

0.350 

0.525 


3.2.4 Gages. The contractor shall provide himself vith vhatever gages 
are necessary and adequate to insure that the material to which this specifica¬ 
tion applies will meet the dimensional requirements shown on the applicable 
drawings. If so stipulated in the contract, order or requisition, the Govern¬ 
ment will furnish drawings of pertinent Inspection Gages far guidance in the 
design of the contractor 1 s inspection gages. However, such procedure shall not 
serve to relieve the contractor of his responsibility in the design and manufac¬ 
ture of such gages as may be required for the satisfactory fulfillment of the 
contract requirements, but is intended to facilitate acceptance of all components 
and assemblies by NASA Inspection Gages. 

3.2.5 Preparation of Wire 

3.2.5.1 Insulation Stripping. The following precautions shall be taken 

when stripping insulation: 

(a) The insulation shall be removed without injuring the Conductor 
in any way. 

(b) Length of insulation stripped shall be as specified in Table III 
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3.2.6 Solderless Wrapped Process. Solderless wrapped connections shall 
be made with automatic wrapping tools capable of wrapping connections which 
donform with all requirements of this specification. The sequence of operations 
for making wrapped connection shall be as follows. See Figure 2 for operations 
required which are as follows: 

(a) Verify that the tool meets the requirements as 
specified in 3.3. 

(b) Place tool (large hole) over the wrapost. 

(c) Rotate the tool spindle (1) around the wrapost. 

(d) Remove tool from wrapost. 

3.2.6.1 Wrapost Spacing. Wrapost spacing shall allow sufficient room 
to accommodate the wrapping tool when spaced on multiples of .025 grid 
coordinates. For machine wrapping, spacing shown in Table 11 is preferred. 


Table II. Wrapost Spacing 



3.2.6.2 Wrapper Turns. Total wrapper turns shall be as specified in 
Table III. The maximum space between turns shall be one half the bare wire 
diameter (first and last turns excepted) • There shall be no overlap of turns to 
the last locked point (last wrapost corner) within the minimum turns specified. 
When using a hand tool, there shall be no axial force exerted on the wrap during 
the wrapping process in excess of the static weight of the wrapping tool. A turn 
shall be complete when it has made contact with the four corners of the wrapost. 
(See figures 9 through 13 and figure 6). 

3.2.7 Positioning of Wire 

3.2.7.1 Prior to wrapping, the wire shall be positioned radially so that 
subsequent routing of the unwrapped portion of the wire does not tend to unwrap 
the connection. 
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Table HI. Number of Wrapper Turns 


Wire 


Length of Insulation 

Gage 

(AWG) 

Number of Turns 

Stripped 

24 

5 min. to 6 max. 

1 5/16 Nominal 

30 

7 min. to 9 max. 

1 1/16 Nominal 


Each wrap shall consist of the specified number of turns of 
bare wire plus 1/2 to 2 turns of insulated wire. 

3.2.7. 2 First Wrapper. The first wrapper (Zj) on all wrapost shall 
be placed in accordance with Figure 6. 

3.2.7.3 Additional Wrappers. When more than one wrapper is 
connected to a wrapost, all subsequent wrappers (Z2 and Z^) shall be 
positioned in accordance with Figure 6. 

3.2.7.4 Wrapper End. The final turn of any wrapper shall not 
extend away from the outside diameter of the stripped wire on the wrapost 
by more than the diameter of the stripped wire. (See figure 15) 

3.2.7.4.1 Wire Dressing. No metallic tools, probes or sharp instruments 
shall be used in dressing wires except blunt tools approved by the government 
inspector. Wrapped connections must not be subject to an axial pulling force on 
the wire which would tend to unwrap the connections. The wires should be 
dressed at right angles to the wrapost axis. 

3.2.8 Materials. Unless otherwise specified in the contract or order, 
all materials and purchased parts entering into the assembly of the solderless 
wrapped connections shall conform strictly to the details indicated in applicable 
specifications and drawings. 

3.2.8.1 Wire 

3.2.8.1.1 Insulated Wire. For size #24 (AGW), insulated wire shall be 
solid, tin coated, copper conductor of proper hardness to indent, or be indented 
by the wrapost when wrapped. Insulation shall be of Polyvinyl Chloride with a 
Polyamide (nylon) jacket per ND i002107. For size #30 (AWG) insulated wire 
shall be a high strength copper alloy, solver plated, with insulation per 1006732. 

3.2.8.1.2 Bare Wire. For size #24 (AWG), bare wire shall be tin coated, 
copper conductor meeting the requirements of ND 1002107 relative to conductor 
only. For size #30 (AWG), bare wire shall be silver plated, high strength copper 
alloy conductor meeting the requirements of 1006732 relative to conductor only. 
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3.2.8.2 Wire Elongation. The elongation shall he as shovn In Table IV 
for the specified wire size, when tested as specified in paragraph 4.9 of this 
specification. See also HD 1002107 for #24 (AWG) wire and 1006732 for #30 
(AWG) wire. 


Table IV. 

Elongation 

Wire Size (AWG) 

Elongation in 10 inches 
min. percent 

24 

20 

30 

7.5 


3.2.8.3. Wrapost. Wrapost shall be made of copper base alloys in accordance 
with applicable drawings. 

3.2.8.3.1 Wrapost Plating. Wrapost shall be gold plated, in accordance with 
Specification MIL-G-45204, Class I, Type II. Thickness of plating, under plate and 
copper 8trike shall be in accordance with detailed part drawings. 

3.2.9 Request for Deviation. Request for deviation from this specification; 
applicable drawings, specifications, publications, materials and processes shall be 
specified in writing to the contracting officer. 

3.3. Wrapping Tool Condition. Hew tools or tools that have been repaired, 
readjusted or modified shall be tested by making 24 sample connections on a test 
board while adjusted for making a current production lot of solderless wraps in 
accordance with the wrapping process specified in this specification. All con¬ 
nections shall meet the requirements of 3»4.1.2 and 3*4.1.3. 

3.4 Performance Requirements and Product Characteristics. The solderless 
wrapped connection shall meet the following performance requirements and product 
characteristics. 

3.4.1 Mechanical 

3.4.1.1 Visual Inspection. Ifce wrapped connections shall be mechanically 
stable. There shall be no evidence of wire embrittlement, or loose or broken con¬ 
nections, wraposts or components when inspected as specified in 4.7.2.1. 

3.4.1.2 Wrapper Stripping. The stripping force for the wrapped connection 
shall be as shown in Table V. 
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'fl u* —TiaiMi stripping fores nay be exceeded provided requirements of 3 .4.1.3 ®**e net 
Table VI. Wrapper Resistance 



' After 
Humidity at 
2.4 amps 
per 3.5.3 



3.4.2.2 Current Overload (Wrapped Joint). The wrapped Joint s h all withstand 

current overloads of 125 percent of rated current for 2 hours and 150 percent of 
rated current for 5 minutes without electrical deterioration. The voltage drop 
shall be within the limits specified in Table VI after the wrap joint has cooled 
to room temperatures. 
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3.4.3 Gas Tight Area. The total gas tight area between the vrapost and the 
wire in a wrapped connection shall be at least equal to the area of the cross- 
section of the wire used in making the connection (See paragraphs 4.8.5 and 4.2.1.3). 
Verification that gas tight joint requirements have been met shall be by: 

(a) Compliance with the electrical (voltage drop) requirements of 
paragraph 3.4.2.1 after humidity testing per paragraph 3«5»3. 

(b) Compliance with the gas tight area tests of paragraph 4.8.5. 

3.5 Environmental Requirements. The solderless wrapped connections shall 
meet the other applicable requirements of this specification during or after tests 
defined in 4.8. Connections shall show no visible damage after environmental tests. 

3.5.1 Dry Circuit Test of Wrapped Joint. Dry circuit resistance of wrapped 
joint (See Figures 4 and 5) shall be determined by each of two methods, see test 
paragraph 4.8.1 (a and b). The resistance obtained by method (b) s hal l not vary 
more than 25 per cent from that obtained by method (a). 

3.5.2 Vibration, Operating Condition. The wrapped connections shall meet 
an electrical and mechanical requirements of this specification during and after 
vibration in accordance with MIL-STD-202. See paragraph 4.8.2 for detailed testing 
methods. 


3.5.3 Humidity. Humidity test shall be in accordance with MIL-STD-202, 

Method 106 for moisture resistance. After samples have been dried, the connections 
shall meet the electrical requirements of Table VI. 

3.5.4 Thermal Shock. Test samples prepared as specified in paragraph 4.2.1.3- 
shall be tested as specified in 4.8.4. Connections shall therafter meet all per¬ 
formance requirements of this specification. 

3.6 Workmanship. Workmanship shall be of such quality that all require¬ 
ments of this specification are met and the product will perform as intended. 

Care shall be taken to insure that there is no bending, turning, tearing, twisting, 
or other damage to wraposts which will result in a reduction of spacing between 
wrapped posts to cause voltage breakdown or other malfunction. Completed solder- 
less wrapped connections shall not be mechanically disturbed. 

3.6.1 Wire Re-use. Wire which has been unwrapped, stripped or removed 
from a wrapost shall be discarded. 

3.6.2 Wrapost Re-use. Wraposts shall be inspected for plating loss, corro¬ 
sion or other damage prior to rewrapping. Reused wraposts shall comply with the 
requirements of paragraph 3.2.3.4. In general, a wrapost from which a connection 

been stripped or unwrapped may be reused as a new solderless wrapped connection 
up to a maximum of 10 rewraps. Wraposts from which a connection has been stripped 
per 4.7.2.3 shall not be reused. 
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4. QUALITY ASSURANCE REVISIONS 

4.1 Responsibility. The supplier is responsible for this performance 

of all inspection requirements as specified herein. Except as otherwise specified, 
the supplier may utilize his own or any other inspection facilities and services 
acceptable to the Government. Inspection records of the examination and tests 
shall be kept complete and available to the Government as specified in the con¬ 
tract or order. The Government reserves the right to perform any of the in¬ 
spections set forth in this specification where such inspections are deemed 
necessary to assure that the connection conforms to prescribed requirements. 

4.2 Sampling 

4.2.1 Sampling for qualification and acceptance shall be as follows: 

(a) Sampling for preproduction 

(b) Sampling Plan A, for acceptance (lot by lot production check 
tests) 

(c) Sampling Plan B, for acceptance (periodic production). 

4.2.1.1 Sampling for Preproduction. Unless otherwise specified for each 
contract or order, a representative sample of connections should be made on sample 
boards and manufactured using the methods and procedures proposed for the pro¬ 
duction lot. These shall be submitted to the Government Inspector for inspection 
and tests at an activity designated in the contract for purposes of deter m i n i ng 
that the manufacturing process is under control and that compliance of the pro¬ 
duct with the requirements of the contract, specifications and drawings is met. 
Further production of the item by the contractor prior to approval of the con¬ 
tracting activity or the completion of tests on the preproduction samples shall 
be at the contractor's risk. 

4.2.1.2 Sampling for Plan A. Solderless wrapped connections shall be 
prepared for inspection from each production lot in accordance with MXL-STD-105, 
and shall be inspected in accordance with paragraphs covering requirements to 
determine if the AQL per cent defective are acceptable as defined in Table VII 
of this specification. A lot shall consist of parts which are produced under 
essentially identical conditions of manufacture using the same automatic wrap¬ 
ping tools and are presented for acceptance at one time. The maximum lot size 
shall be 5000 + 10$ solderless wrapped connections. 24 samples produced by each 
hand wrapping tool shall be inspected at two week intervals. 

4.2.1.3 Sampling Plan B. For each 500,000 solderless wrapped connections 
submitted for acceptance under a contract or, every six months, whichever occurs 
first, at least 24 connections shall be tested for each test specified in Tables 
VII and VIII. Also, at the Government Inspectors option, whenever a significant 
interruption of production has occurred. Sampling Plan B tests s h a ll be performed. 

9 
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4.3 Inspections and Tests 

4.3.1 Classification of Inspections and Tests. The inspection and testing 
of solderless wrapped connections shall be classified as follows: 

(a) Preproduction (inspection and tests) 

(b) Plan A (inspections only) 

(c) Plan B (inspections and tests) 

4.3.1.1 Preproduction Inspections and Tests. Preproduction tests and inspec¬ 
tions shall be accomplished at a Government designated activity. These Inspections 
and tests are outlined in Table VII and Table VIII, and shall be conducted after 
award of the contract to determine that the production will meet all the requirements 
of this specification. Acceptance of the sample shall determine acceptance of the 
lot from which it was taken. Failure of the sample shall result in rejection of 

the lot and/or cessation of production as determined by the procuring activity. 

The tests shall be performed on a wrapost plate assembly, or assemblies having a 
sufficient number of contacts to perform all tests specified in Thble VIII. Test 
wraps shall include all possible wrapping patterns which machine is capable of, 
and all types and sizes of wire intended for use under the applicable production 
contract. A special test wrapost plate or block configuration for this purpose 
may, at the option of the Government Inspector, be used for these tests. In this 
case the test plate shall be wrapped using tools, wire and vraposts to be used on 
the production item. 

4.3.1.2 Plan A (Inspection only). Plan A inspection shall be on a lot by 
lot basis per paragraph 4.2.1.2 of this specification and shall meet the same 
requirement as those outlined in Thble VII for preproduction inspections. 

4.3.1.3 Plan B (Inspections and Tests). Plan B inspections and tests shall 
be performed on samples in accordance with paragraphs 4.2.1.2, 4.2.1.3, and 4.3.1.1 
of this specification in accordance with Tables VII and VIII. Ttest wraps shall 
include all possible wrapping patterns which machine is capable of, and all types 
and sizes of wire intended for use under the applicable production contract. A 
special test wrapost plate configuration for this purpose may, at the option of 
the Government Inspector, be used for these tests. In this case the test plate or 
block shall be wrapped using tools, wire and wraposts to be used on the production 
item. 







Inspection 

Requirement 

Paragraph 

Wrapost cross- 
section 

3.2.3.1 

Wrapost edge radluc 

3.2.3.2 

Wrapost length 

3*2.3.3 

Insulation Strip* 
ping 

3.2.5.1 

Wrapost spacing 

3.2.6.1 

Wrapper turns 

3.2.6.2 

Positioning of wire 

3.2.7.1 

First Wrapper 

3.2.T.2 

Additional Wrapper! 

3.2.T.3 

Wrapper Bad 

3.2.7.* 

Wire dressing 

3.2.7.*.l 

Materials 

3.2.8 ' 

Visual Inspections 

3.*.1.1 

Wrapper Stripping 

3.*.1.2 

Uhvrapplng 

3.*.l.3 

Workmanship 

3.6 

Wrapost Reuse 

3.6.2 


Test 

Paragraph 


AQL Percent 


Major 


Defective 


Minor 


0.65 

0.65 

O .65 

0.65 


2.5 


2.5 


2.5 

2.5 

2.5 


0.65 

O .65 

0.65 

O .65 

0.65 

0.65 

O .65 


4.7.2.1 
4.T.2.3 
4/T.2.4 


2.5 
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Table Yin. Testing (Preproduction, and Plan B) 


Sequence 

Test 

Jlumber 

Tests 

Requirement 

Paragraph 

Test 

Paragraph 

A-l 

Dry Circuit 

3.5.X 

4.8.1 

A-2 

Wrapper Resistance 

3.4.2.1 

4.T.2.2 

A-3 

Humidity 

3.5.3 

4 . 8.3 

A-4 

Dry Circuit 

3.5.1 

4 . 8.1 

A-5 

Wrapper Resistance 

3.4.2.1 

u.T. 2.2 

A-6 

Current Overload 

. >;i. 

3.4.2.2 

. 8 . 1 . 1 . 

A-6 

Thermal Shock 

3-5.*. 


A-7 

Wrapper Stripping 

3.4.1.2 

H.t. 2.3 

B-l 

Uhvrapping 

3.4.1.3 

4.7.2.4 

B-2 

Durability 

3.2.3.4 1 

4.7.2.4' 

C-l 

Gam Tight Area 

... . ...... 1 

3.4.3 

4.8.5 

D-l 

Wire Elongation 

3.2.8.2 

4.9 

1-1 

Vibration, Operating 

Condition 

3.5.2 

4.8.2 ! 


(a) Above tests can be performed, on 4 sets of test samples 

(b) Seven tests can be performed on the n A N samples 

(c) Two tests can be performed on the "B" samples 

(d) One test only, as shown, is performed on the "C", "D”, and 
"B" samples 

(e) Sequence of tests as shown Is preferable 
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(t) Variations of the sequence of the tests to be performed on any 
one sample are permissible at the option of the Government Inspector. 

(g) The vibration test may be performed on any of the above samples 
which may be tested to destruction, providing that the tests do not occur inmedi- 
ately prior to dry circuit test. 

4.4 Government Inspection. The Government Inspection shall, during the 
manufacturing process, make such inspections as are necessary to determine that 
the connections are in accordance with the requirements of the contract a nd this 
specification. 


4.5 Contractor's Inspection. Contractor's inspection shall be conducted 
in accordance with provisions of Inspection by Contractor. 

4.6 Test Equipment. The following items of test equipment are required 
to perform the tests set forth in this specification# 

(a) Millivoltmeter ( 0 .£ MHivolts/division )(5000 ohms/volt) 

( 1/2 of 1 * of full scale) 


(b) Ammeter D.C., 20 Amp Capacity (0.2* of full scale accuracy) 

(c) Stripping test fixture, 100 pounds capacity 

(d) Vibration tester 


(e) Oven, 20° to 105 ° C capacity (+ 3 ° accuracy) 

(f) Cold Chamber, to - 55 0 C capacity (+ 3 0 accuracy) 

(g) D.C. Power Source (20 Amp)(Max. ripple of 2 *) 

4.7 Acceptance Testing 


4.7.1 Test conditions. Unless otherwise specified, the connections shall 
be subjected to acceptance tests under the following conditions: 

(a) Temperature +70 to +80 + 5 degrees F. 

(b) Barometric pressure: 28 to 32 inches of mercury. 

(c) Relative humidity: 90 percent maximum. 

(d) Vibration: none. 
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. 4 ^: 7 * 1 : 1 J Test and In spection Equipment and Facilities. The contractor « h »n 

furnish and maintain all necessary test equipment, facilities, and personnel for 
performing all acceptance tests. The test equipment shall he adequate in quantity, 
and, unless definite requirements are specified, shall he of sufficient accuracy 
and quality to permit performance of the required acceptance tests. 

4.7.2 Test Procedure 

4. 7 .2.1 Visual Inspection. A comprehensive inspection shall he made of 
connection submitted for acceptance to determine the extent of compliance 
with the requirements of this specification and other documents referenced. 
Requirements to he verified are listed in Table VII. Visual inspection he 

performed on wrappers to determine if the wire has been damaged or broken. 

Failure of a connection to meet all or any requirements listed in Table VII shall 
he cause for rejection. Any wrapost which is replaced or repaired shall he rein- 

J? S ^ Cti ° n 8ha11 1x8 P erformed at a magnification of at least 7 power 
for 24 (AWG) wire and at least 15 power for 30 (AWG) wire. 

,_**-7.2.2 Wrapper Resistance. Voltage drop shall he measured using the test 

board connections prepared in accordance with U. 2 . 1 . 3 . Ten percent of the connec¬ 
tions on each board, or a minimum of two connections, whichever is greater, 
be picked at random and tested for voltage drop across single connections (See 
SfU’Tv 5 ' W J' th the curren ? stabilized, the voltage drop shall be in accordance 
with the requirements of 3-**.2.14 The lot represented by the sample «h.n he 
rejected if the sample fails to meet the requirements. 

1 . o ^ Wrapper Shipping. Samples made on sample hoards as specified in 

4.2.1. 3 shall he tested using a test fixture illustrated in Figure 3 . The clear¬ 
ance between the wrapost and the test fixture jaws shall not exceed 70 * of the 
wire diameter. The stripping force shall he applied at a uniform rate of 1 inch 
to 10 inches per minute, and shall comply with the requirements of 3.4.I.2. The 
minimum displacement of the wrapper along the wrapost shall he a distance equal 
to one diameter of the wire. The maximum displacement of the wrapper along the 
wrapost shall he limited to avoid an increase from the initial break-away(starting) 
strip force. The lot represented by the sample shall he rejected if the sample 
fails to meet the requirements. Wrap shall not be pulled over top of pin. 

, . 4 ; 7 : 2 * 4 Unwrapping (for Qualifying Bits, Wire, and Wraposts). Samples shall 

f^v. S?i e Au? r J? nWraP ? ^c^? h * Gardner Denver 5001 3° unwrapping tool or equivalent 
for #24 AWG wire and 505084 or equivalent unwrapping tool for #30 AWG wire. The 
unwrapping tool shall he placed over the wrapost and its leading edge engaged 
between the wrapper end and the next wrapper turn. The unwrapping tool shall then 
he rotated until all of the wire has been transferred onto the tool. The un¬ 
wrapping tool, with the loose helical coil of wire shall then he removed from the 
wrapost. The insulated portion of the wire is held firmly while the unwrapping 
tool is rotated so as to unwind the wire from the tool. It is not necessary that 
the unwrapped wire he perfectly straight. Waves or permanent deformation are 
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permissible The sire shall not break during the unwinding process. Pro- 
been^Mted 1 °T < * r cootlnue “"t 11 tooling bits, wire and wraposts have 

tSs specificatitm ^ 1 neCes8ary COrrective “ tlo “ has been taken to comply with 

,„ M prod ? ct f? n *“*•• ^reproduction tests shall consist of sub- 
Jecting connections to the following tests as applicable. 

followsf ' 1 *" ^ ClTCUlt * Wrapper Jolnt Only. Test procedure shall be as 

(a) Microvolt Range. Dry circuit tests shall be made as shown in 

"T5, using the circuit shown in Figure 4 (a). 0.1 micro- 

volt shell he applied across the test specimens and the polarity 
of the source voltage reversed. No voltage greater than 0.1 
microvolt shall he applied to the test specimens prior to 
application of the test voltage. 

(b) Millivolt Range. Tests shall be conducted as shown on Figure 

4 « 4 ^. 4 ^ output of the P 0 ^ ^urce shall he varied to give 
an initial voltage drop across the wrapped Joint of 10 milli¬ 
volts. If the resistance is greater than 25 percent of the 
wrapper resistance at rated current (see paragraph 3 . 4 . 2 ), the 
voltage across the wrapped Joint shall he increased to a maxi¬ 
mum of 150 millivolts, me voltage at which the wrapper 
resistance shows a dip shall he recorded. If no dip is re¬ 
corded part shall be accepted. P 

tested (Wrapped Jolnt >- "rapped Joint shall he 

tested for conqpliance with the requirements of paragraph 3.4.2 2 and Table vi 

2S ££\£ci e ^: 8aivel * - «- ~ 

«h.i i condltion )- ■">« eolderles. wrapped connection 

hell be vibrated, with the wrapost plate or module assembled and mounted in 
accordance with its intended general arrangement, per MIL-STD-202, Method 201 A 

“25 “ ^ i6d 111 ^volt drop test shall he mofitoredln 

accordance with paragraph 4.7.2.2 during vibration testing. 

humidt+v 801461,1688 "tapped connections shall withstand the 

humidity requirements of paragraph 3 . 5.3 of this specification. 
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Table IX. Vibration Test Schedule 



IXiration (hours) • 

A, (Parallel to length of test panel) 

2 

B, (Parallel to width of test panel) 

2 

C, (Vertical to test panel, parallel 


to wrapost) 

2 


4.8.4 Thermal Shock. The connections shall be exposed to a miniiwnn of 
five cycles of temperature change as Indicated in Table X. They shall be held 
at each specified temperature for 30 minutes. The samples shall not be exposed 
to room temperature for more than two minutes when changing from high to low 
temperature. Caution shall be exerted to minimize flexing the test leads vhen ' 
removing samples from the cold chamber. 


Table X 


Sequence 

Degrees C 

Start (high) 

+105° 

Reduce (low) 

- 55° 

Raise to 

♦ 20° 


After the test the connection shall meet the requirements of paragraphs 3*5.4 
and 4.7.1 of this specificatibh*^ -, ^~”"" * 

4.8.5 Gas Tight Area. Blacken the assembly with ammonium sulfide gas 
after gold plated wrapcsts are exposed to aqua regia fumes. 

(a) The wraposts shall be suspended and corked in a 16 x 150 fcm 
test tube containing approximately 1 to 2 m. of aqua solution 
(l:l concentrated Hydrochloric and Nitric adds). The solu¬ 
tion must not touch the wraposts; the wraposts shall be ex¬ 
posed to the aqua regia fumes for at least five to ten minutes 
depending on the thickness of the gold plating, until all the 
gold is removed. 


(b) Then the chemically attacked wraposts shall be transferred to 
another 16 x 150 mm test tube containing approximately 1 ml of 
concentrated ammonium sulphide solution. Suspend the wrapost 
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4.8.5 (b) Continued 

connections In the test tube so that they will not touch the 
■nmni iwi sulphide solution. Close the test tube with a cork 
or rubber stopper and leave the specimens exposed to this 
atmosphere until they turn black. Copper and gold sulphide 
color will be developed on all areas exposed to vapor. 

(c) Dry and unwrap the connections with a tool which does not 

scratch the post. The gas tight areas will appear in bright, 
sharp contract with blackened area. The bright area shall 
conform to the requirements of 3*4.3 of this specification. 

4.9 Wire elongation. Each lot of wire of every five rolls, whichever 
is the most frequent, shall be tested for elongation in accordance with MIL-W- 
16878 and Method 211 of Federal Test Method Std Ho. 151 and shall conform to 
the requirements of paragraph 3.2.8.2 and Table IV of this specification. 

NOTICE 

When Government drawings, specifications, or other data are used for any 
purpose other than in connection with a definitely related Government pro¬ 
curement operation, the United States Government thereby incurs no responsibility 
for any obligation whatsoever; and the fact that the Government may have formula¬ 
ted, furnished, or in any way supplied the said drawings, specifications or other 
data it is not to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or cooperation or conveying any rights or permis¬ 
sion to manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

5. REPARATION FOR DELIVERY 

(not applicable) 
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30. REQUIREMENTS 

30.1 PROCESS CONTROL. The personnel and equipment used in this 

o S S * 18 ^ k e qualified for use and inspected in accordance with the provisions 

30.2 MATERIALS 

30 - 2.1 Wraposts and Electrical Wire. The wraposts and the electrical 
wire to be wrapped on the terminals shall be as specified on the applicable 
drawing. 

30.2.1.1 Wire Curl. Wire to be used in accordance with this specification 
shall meet these wire curl requirements. A 30-inch length of wire, cut 
from a barrel or spool, shall not curl up to a diameter of less than 10 inches 
in 1 minute at room ambient conditions when lying unrestrained on a smooth 
surface. 


30* 2.2 Cleaning Solvents. The cleaning solvents to be used for removing 
grease, oil, dirt, lacquer, or other soluble contaminants shall be ethyl 
alcohol or anhydrous aliphatic and chlorinated hydrocarbons in concentrated 
form or diluted with esters such as amyl acetate. 

30.3 EQUIPMENT 

30.3.1 Insulation Stripper. The insulation on electrical wire shall be 
removed using a thermal or precision mechanical insulation stripper which 
qualifies for use in accordance with the applicable requirements of 40.2.1.2.1^ 
When thermal strippers are used, exhaust hoods should be installed to remove 
noxious odors. The strippers shall be periodically inspected in accordance 
with the procedures specified in 40.2.2. 

30. 3.2 Cutting Tools . The shielding on shielded wire or coaxial cable shall 
be cut and trimmed using appropriate cutting tools such as scissors, side- 
cutters, knives or razor blades. 

30.3.3 Wrapping Tools. Electrical wires shall be wrapped onto wraposts 
using the wrapping tools which qualify for use in accordance with 40. 2.1.2.2. 
The tools shall be of the hand-type and shall be electric or air battery powered; 
the tools shall be appropriate for the specific type of wrapost to be wrapped as 
recommended by the tool manufacturer or as determined by the processor. 

30 • 3 - 4 tensile Pulling Devices. Wrapped connections which are to be tensile 
tested shall be pulled in an axial tensile device such as a Hunter Pull Tester, 
or equivalent. The tensile device shall be capable of applying a force to the 
wrapped connections at a specified uniform rate. 
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30.4 PREPARATION OF CONDUCTORS 

30.4.1 Stripping of Wire and Cable Insulation 

30.4.1.1 Single-Strand, Solid Type Conductors . Insulation on single-strand, 
solid type conductors shall be removed using either insulation stripper specified 
in 30. 3.1. The amount of insulation to be removed shall be as required by 

the specific type of connection to be made, as specified on the applicable 
drawing. The stripping operation shall result in the insulation being cleanly 
and completely removed without puncturing or damaging the insulation remaining 
on the wire to the extent shown in Figure 7; the exposed conductor shall show no 
evidence of deformation or nicking of the conductor material or surface plating 
resulting from the stripping operation (see Figure 7). 

30.4.1.2 Shielded Wire and Coaxial Cable . The outer jacket, shielding and 
insulating on shielded wire and coaxial cable shall each be removed using the 
appropriate removal tools. The amount of outer jacket, shielding and primary 
insulation to be removed shall be as required for the specific type of connector 
to be used, as specified on the applicable drawing (see Figure 8). The outer 
jacket shall be removed first using either insulation stripper specified in 

30. 3.1, followed by the removal of the shielding using any of the tools 
specified in 30. 3. 2. After the shielding is removed, the primary insulation 
shall be removed using either insulation stripper specified in 30.3.1. The 
stripping operation shall result in the outer jacket, shielding and insulation 
being completely removed without damaging any jacketing, shielding, or 
insulation remaining on the wire. The exposed conductor shall show no 
evidence of deformation, nicking, or removal of conductor material. 

30.4.2 Tinning of Conductors. Unless otherwise specified on the applicable 
drawing, stripped conductors which are to be wrapped shall not be tinned. 

30.4.3 Handling of Stripped Wire and Cables . Upon completion of stripping, 
the prepared wire and cable shall be handled in a careful manner so as not to 
contaminate or damage the exposed conductor; the insulation on the wire or 
cable shall not be stretched or pushed back. 

30.5 WRAPPING PROCEDURE 

30.5.1 Preparation of Wrapping Tools. The wrapping tool to be used for 
the applicable wrapost to be wrapped shall have the appropriate insert and 
sleeve installed and the tool adjusted, if applicable, and inspected prior to 
production use in accordance with 40.2.2. 2. 

30.5. 2 Wrapping. The wire to be wrapped shall be inserted in the wire tunnel 
of the wrapping tool and properly seated in the anchoring notch. The loaded tool 
spindle shall be aligned axially over the wrapost and rotated until the wrap has 
been completed in accordance with the requirements as specified in 30.5.2.1. 
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30.5.2.1 Wrapping Criteria. The following criteria shall be used as the 
basis for acceptance or rejection of wrapped connections. 

30.5.2.1.1 Wrapper Tims. Shall comply with the requirements of 
paragraph 3.2.6. 2. 

30.5.2.1.2 Multiple Wrappers. Where more than one wrapper is placed on a 
wrapost, each wrapper shall meet the wrapping requirements individually. 

In addition, there shall be no overlap of one wrapper onto another. The 
positioning of the wrappers shall not allow the wrapper most distant from 
the wrapost base to extend onto the apex of the wrapost. (See Figure 4). 

30.5.2.1.3 Wrapper End. Shall comply with the requirements of 
paragraph 3.2.7.4. 

30.5.2.1.4 Wrapper Forming. When viewed from the end of the wrapost, 
the wire shall show an indentation into the wrapost configuration at the 
corners (See Figure 15). 

30.5.2.1.5 Damage. The wrapost shall show no evidence of bending, 
twisting, tearing or other physical damage beyond the limits specified 
by Figure 16. The wire shall show no evidence of breaking or cracking. 
Indentations into the wire or wrapost or both, at the lock points (the point 
at which the wire crosses a wrapost corner) is not damage, and must exist 
to make a secure connection. 

30.5.3 Inspection a nd Re w ork. Upon completion of wrapping, the wrapped 

connection shallT>e visually inspected for the requirements of 30.5.2.1 and 
30. 6. If discrepancies exist, the wire shall be cut immediately behincl the 
connection, the wire wrap removed as specified in 30.5.4, and the conductor 
preparation and wrapping procedure performed as specified in 30.4 30.5, 

respectively. If more than five reconnections are needed on the same terminal, 
the wrapost shall be replaced. A completed existing connection shall not be 
reworked by reapplying the wrapping tool. 

30.5.4 Unwrapping of Connections. When required, connections shall be 
unwrapped by placing the appropriate unwrapping tool over the wrapost and 
engaging the tool between the wrapper end and the next wrapper turn. The 
tool shall then be rotated in the direction opposite that of the wrapping tool 
rotation and such that all turne are wound onto the tool. The tool shall 
then be removed and the loose helicoil of wire removed from the wrapost. 

30. 6 WORKMANSHIP. The wrapping process covered by this specification, 
including related conductor preparation shall be accomplished in accordance 
with the requirements of this specification. Final or acceptance inspection 
of finished, wrapped connections shall reveal no evidence of misuse of tools, 
improper wrapping techniques or physical damage to the connections. 

30.6.1 Wire Dressing. Dressed wire shall show no evidence of nicking, 
scratching, cutting, etc. 

30.6.2 Wire Routing. Wire shall be routed so that stress applied to the wire 

(Re$! A) 
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will not loosen or unwrap the connection. Sufficient slack shall be allowed 
to avoid pulling the wire against the edges of the wraposts; routing «baii 
avoid conditions which contribute to cold flow, shorting, etc. 


40. QUALITY ASSURANCE PROVISIONS 

40 • 1 GENERAL . In order to assure proper control of the wrapping process 

covered by this specification, the supplier shall meet all the requirements 
specified herein and shall provide continuous audit of the wrapping process 
to assure compliance with the requirements of this specification. 

40.1.1 Inspection. The supplier, through his quality assurance or control 
agency, shall be responsible for the performance of all inspection require¬ 
ments as specified herein. 

40.2 PROCESS CONTROL 

40. 2.1 Qualification. Personnel and equipment to be used in the process 
covered by this specification shall be approved and qualified by the supplier's 
cognizant quality assurance or control agency prior to production use. 

40.2.1.1 Personnel. All personnel engaged in fabrication, assembly and 
inspection of electrical or electronic equipment to which this specification 
applies shall be qualified to perform such functions. Qualification shall 
consist of training and actual performance of prescribed duties under the 
supervision of instructors authorized by the supplier's quality assurance 
or control agency. Personnel shall satisfactorily demonstrate individual 
abilities and job proficiency to qualify for a 6-month period. The names 
of all qualified personnel and their training records shall be recorded and 
kept on file at the supplier's facility. In addition, the supplier shall 
monitor the efforts of all personnel engaged in the progr am to assure 
that only qualified personnel are performing production functions. 

Personnel not actively engaged in fabrication assembly or inspection 
functions for period of 2 months shall be requalified prior to performing 
these functions. 

40.2.1.1.1 Personnel Requalification. Requalification of personnel shall 
consist of the requirements for qualification with the exception of the training 
requirements. Personnel may be requalified in the same procedure used to 
qualify the wrapping tools (see 40.2.1.2.2). 

40.2.1.2 Equipment 

40.2.1.2.1 Insulation Strippers. 

40. 2.1.2.1.1 Thermal Stripper . Qualification of the thermal insulation 
stripper shall consist of properly stripping at least 10 samples of insulated 
wire for each wire size to be used for production. The stripped samples 
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ahaii be visually examined to assure that the insulation has been 
completely removed; there shall be no evidence of thermal damage 
to the conductor material or to the insulation remaining on the wire 
to the extent specified in 30.4.1. Tools not meeting the qualification 
requirements shall not be used for production. Suitable marking shall 
be affixed to the stripper to verify that the equipment is qualified for 
production use. 

40.2.1.2.1.2 Mechanical Stripper. Qualification of the precision 
mechanical insulation stripper shall consist of properly stripping at 
least 10 samples of insulated wire for each wire size to be used for 
production. The stripped samples shall be visually examined to assure 
that the insulation has been completely removed; there shall be no 
evidence of conductor damage such as ringing, cutting, nicking or 
stretching of the strands nor shall there be any damage to the insulation, 
remaining on the wire to the extent specified in 30.4.1. Tools not meeting 
the qualification requirements shall not be used for production. Suitable 
marking shall be affixed to the stripper to verify that the equipment is 
qualified for production use. 

40.2.1.2.2.1 Qualification Test Schedule . Samples of wrapped connections 
shall be tested as follows: 

a. All samples shall be subjected to the visual inspection 
before each of the following tests. 

b. Five samples of each type shall be subjected to thermal 
shock, wrapper resistance, current overload, and stripping 
force tests. 

c. Five samples of each type shall be subjected to the gas 
tight fcrea test. 

d. Five samples of each type shall be subjected to the durability 
test. 

40.2.2 Preproduction and Periodic Production Inspection. The equipment 
used in the process covered by this specification shall be inspected jjrior to 
and during production to assure conformance to the applicable requirements 
of this specification. Preproduction and periodic production inspection shall 
consist of the inspections of 40.2.2.1 through 40.2.2.2. 

40.2.2.1 Insulation Stripper 

40.2.2.1.1 Thermal Stripper. Each thermal stripper to be used for 
production shall be checked at the start of each production day, whenever 
the stripper setting is changed, and whenever discrepancies are noted. 

Five samples of stripped wire shall be submitted to the quality assurance 

or control agency inspector for approval in accordance with the requirements 
of 30.4.1. 

$2 
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40.2.2.1.2 Mecha nical Stripper. Each mechanical stripper shaU be 
inspected every 30 days or prior to use in the event of one of the following: 


a. The stripper is damaged. 

b. Wire processed by the stripper does not meet the requirements 
for stripped wire in accordance with this specification. 

40.2.2.2 Wrapping Tools. Every calendar week, or more often as deemed 
necessary by the suppliers quality assurance or control agency, each tool 
to be used at any time during the period shall be tested in accordance with 

40.3.2.3 and 40.3.2.5. The tool shall be inspected for wear, proper 
alignment, fit, and operation, and for functional and physical damage. 

Tools which meet or can be adjusted to meet the minimum requirements 
of this inspection shall be sealed by the inspector wherever possible to 
prevent unauthorized adjustment. Only tools which meet the requirements 

of this specification shall be used in the process covered by this specification. 

40.3 TESTS 

40.3.1 Test Conditions. Unless otherwise specified in a particular test, the 
test conditions shall be as follows: 

a. Temperature - room ambient. 

b. Barometric pressure - 28 to 32 inches of Hg 

c. Relative humidity - 90% maximum 


40.3.2 Test Methods 

40.3.2.1 Visual Examination. Each wrapped connection shall meet the^ 
requirements of 30.5.2.1 when visually examined under 5-power magnification. 


40.3.2.2 Thermal Shock Test (Qualification Only) . The sample connections 
shall be exposed to at least 5 cycles of temperature changes. Each cycle shall 
consist of an initial temperature of +105°C., a reduction -55 C. followed by 
a raise to +20°C. The samples shall be held at each specified temperature 
for at least 30 minutes; the samples shall not be exposed to room temperature 
for more than 2 minutes when transferring from the high to the low temperature 
chamber. Upon completion of the tests, tlK connections shall meet the require¬ 
ments of 40.3.2.1, 40.3.2.3, 40.3.2.4, anr 40.3.2.5. 


40.3.2.3 Wra pper Resistance Test (Qualification and Weekly Test). Wrapper 
resistance shall be measured using the apparatus shown in Figure 12. With 
the current stabilized at 24 amps, the voltage drop across the ^^apper shall 
be measured; the maximum drop for AWG size 28 to 30 wire shall be 40 MV, 
AWG size 26 shall be 26 MV, and AWG size 24 shall be 12 MV. The sample 
used shall contain at least five samples of each combination used on the product. 
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40.3.2.4 Current Overload Test (Qualification Only ). The test setup 
shall be as specified in Figure 12. The current shall be increased to 
3.6 amps for 5 minutes, then reduced to 2.4 amps. The connection 
shall be allowed to cool to room temperature. At room temperature, 
the voltage drop across the wrapper shall not exceed the requirements 
of 40.3.2.3. 

40.3.2.5 Axial Tensile Stripping Force (Qualification and Weekly Test) 
Stripping force shall be tested using a tool as specified by Figure 19. 3. 
Force shall be applied at a uniform rate not exceeding 10 inches per minute. 
The minimum displacement shall be one diameter of the bare wire, or 
such that the wrap is not pulled past the edge forming the taper of the 
wrapost. Maximum displacement shall be limited to prevent exceeding 

the initial breakaway force. All connections shall meet the requirements 
of Table XI. After the stripping force test, the connection shall be 
unwrapped using the proper tool as specified in 30.3.4 and examined 
for wire breakage. The wire shall be intact. The sample used shall 
contain at least 5 wrapped connections of each combination used on the 
product. 


TABLE XI 
STRIPPING FORCE 


WIRE SIZE 

MINIMUM STRIPPING FORCE (lb) 

(AWG) 

0.045 POST 

0.025 POST 

24 

7 

5* 

28 to 30 

3* 

4 


♦These combinations shall be avoided when possible. 

40. 3.2. 6 Gas Tight Area (Qualification Only). Blacken the assembly with 
ammonium sulfide gase after the goldplated wraposts are exposed to aqua 
regia fumes. 

a. The wraposts shall be suspended and corked in a 16 by 150 mm 
test tube containing approximately 1 to 2 ml of aqua solution 
(1:1 concentrated hydrochloric and nitric acids). The solution 
shall not touch the wraposts; the wraposts shall be exposed to 
the aqua regia fumes for at least 5 to 10 minutes, depending 
on the thickness of the gold plating, until all of the gold is 
removed. 

b. The chemically attacked wraposts shall be transferred to 
another 16 by 150 mm test tube containing approximately 

1 ml of concentrated ammonium sulphide solution. Suspend 
the wrapost connections in the test tube so that they will not 


M 
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touch the ammonium sulphide solution. Close the test 
tube with a cork or rubber stopper and leave the specimens 
exposed to this atmosphere until they turn black. Copper 
and gold sulphide color will be developed on all areas 
exposed to vapor. 

c. Dry the connection, then unwrap it with a tool which does 
not scratch the post. The total gas tight area between the 
wrapost and the wire in a wrapped connection shall be at 
least equal to the area of the cross-section of the wire used 
in making the connection. 

40.3.2.7 D urability (Qualification Only) . The specified number of samples 
of each combination of wire size and wrapost shall be wrapped, then stripped 
in accordance with 40.3. 2.5; the wrapping and stripping shall be performed 
five times on each wrapost using new wire for each wrap. The wrapped 
connections shall meet the stripping force requirements of 40.3.2.5. 


53. PREPARATION FOR DELIVERY. - Not applicable. 


60. NOTES 

60.1 SAMPLE BLOCK. The sample block shall be used for only one set 
of tests; after which the wraposts shall be replaced. The single exception 
shall be "feed-through" terminals which have a wrapping surface on each 
side of the sample block; in this instance, the wrapost on each side of 
the block may be used only once. 


25 
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POST-WIRE COMBINATION 

A 

B 

C 

0.045 Feedthrough Terminal 
Wire sizes AWG24 through 30 

0.030 

0.240 

0.450 

0.045 Ffemale Terminal 

Wire sizes AWG24 through 30 

0*030 

0.280 

0.530 

0.025 Female Terminal 

Wire Sizes AWG29 through 30 

0*013 

0.200 

0.360 

1.025 Female Terminal 

Wire sizes AWG24 through 28 

0.013 

* 

0.250 


♦Two wrappers per terminal, maximum, with these combinations, 
it is possible to place one AWG24 or 28 wrapper and two AWG29 
or 30 wrapper on a terminal* In this case, the following will apply: 


■SS! 

A 

B 

C 

Zl 

0.013 

0.160 

0*310 

z 2 


0.160 

0.370 

Z3 

[0.013 

0.220 

0*370 


WRAPPER LOCATION 













1/16, 

max.* 


1/16, max. 

The maximum surface deviation due 
to incomplete cutting of insulation 
after stripping is lA6 inch* 
Insulation icicle too long; 
permissible length of icicle is 
1/16 inch, maximum* 


nicked 

conductor 


scratches 
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1/16, max* 


1/16, max. 

Ragged surface with deviation greater 
than 1/16 inch unacceptable* Ma xim um 
permissible surface deviation due to 
cut-back or stripping on an angle is 
1/16 inch* 


stripped tool 
puncture marks 


insulation torn 
or severed 


Nicking or conductor or Puncture marks extending through 

scratches through plating insulation or torn or severed 

unacceptable. insulation unacceptable. 


UNACCEPTABLE STRIPPING OF WIRE INSULATION 
Figure 7 
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STRIPPING DIMENSIONS 
Figure 8 


CONNECTION TURNS 
Figure 9 
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OPEN WRAP TURNS 

Figure 10 * 


SPIRAL AND OVER WRAP 
Figure 11 
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MULTIPLE CONNECTIONS 
Figure 14 


WRAPPER END AND FORMING REQUIREMENTS 


Figure 15 
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Acceptable 


Terminal Twist 


Not Acceptable 




Not Acceptable 
Terminal Cracks 




Not Acceptable 
Circuit Clearance 


TERMINAL DAMAGE CRITERIA 
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Figure 17. WRAPPER RESISTANCE DIAGRAM 

This test is only a test of wrap resistance. The test probes making contact 
to wire should be as close to the wire wrap as practicable without disturbing 
the wrap. This will avoid the false indication resulting from measuring the 
voltage drop due to wire resistance. 
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DESCRIPTION AND REQUIREMENTS FOR SOLDERLESS WRAPPED 
CONNECTION PROCESS 


1. Hie purpose of this document is to outline standards and controls for 
making solderless wrapped connections. Hi is document is intended for 
use in the APOLLO Guidance and Navigation Equipment program. 
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DESCRIPTION AND REQUIREMENTS 
FOR 

SOLDERLESS WRAPPED CON*E CTIONS PROCESS 

1. SCOPE 

1.1 Scope. This specification covers process standards and controls for 
making solderless wrapped connections. Specific requirements or provision 
not covered by this specification shall be as specified on the applicable drawing. 
In the event of conflict between the requirements of the applicable drawing, 
this specification and other documents cited herein, the requirements of the 
applicable drawing, this specification and the other documents specified 
herein shall govern in that order. 

The provision of this specification shall be applicable to all phases 
of wrapping of electrical connections to the extent specified herein. 

Paragraph 3.2 through 5 are applicable to automatic wire wrapping 
machinery and shall govern when such equipment is used by the contractor. 
Paragraph 30 through 60.1 are applicable to powered hand wrapping tools and 
shall govern when such tools are used by the contractor. 

1.2 Terminology. The parts which form a solderless wrapped connection 
along with terminology used in this specification are illustrated in Figure 1. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the 
extent specified herein. 

SPECIFICATIONS: 

Federal - 

Fed. Test Method Metals, Test Methods 

Std. No. 151 

Military 

MIL-G-45204 Gold Plating (Electro-deposited) 

MIL-W-16878 Wire, Electrical, Insulated, 

High Temperature 

STANDARDS: 

MIL-STD-202 Test Methods for Electronic and 

Electrical Component Parts 

MIL-STD-105 Sample Procedures and Tables 

for Inspection by Attributes 


1 
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DRAWINGS: 

1006945 Wire, Electrical, Insulated 

1006732 Wire, Electrical, Insulated 

3. REQUIREMENTS 

3.1 Description. Solderless wrapped connections shall he Baade by wrap¬ 
ping a specified number of turns of wire, under tension, around a rectangular post 
having four sharp edges. The sharp edges of the wrapost produce high pressure 
points resulting in indentations on either the wire or both to meet the require¬ 
ments of stripping forces per paragraph 3.4.1.2. The resulting gas tight high 
pressure points provide electrical continuity and mechanical stability. Wrapost 
connections covered by this specification shall be in accordance with the following: 

The wrapped connection shall Include a minimum of 1/2 turn of in¬ 
sulated wire followed by the specified number of turns of bare wire (See Table III). 

3*2 General Requirements 

3.2.1 Preproduction Samples. Unless otherwise specified in the contract 

or order, preproduction samples of the solderless wrapped connections shall be 
manufactured using the methods and procedures intended for the production lot. 
Samples of solderless wrapped connections shall be tested as specified in Section 

4 herein for the purpose of determining that the production item meets the require¬ 
ments of this specification, and that the process is properly controlled. 

3.2.2 Solderless Wrapping Tools and Bits. 

3.2.2.1 Wrapping. All wrapped connections shall be made with, fcntd- r** 

matic wrapping tools and bits adjusted and tested in accordance with the require¬ 

ments of 3*3* 

3.2.3 Wrapost Design Requirements 

3.2.3*1 Wrapost Cross Section. The wrapost cross-section shall be square 
and nominally measure 0.045 x 0.045 Inches in the square plane for 24 (AWG) wire 

and .025 x .025 inches in the square plane for 30 (AWG) wire. 

3.2.3*2 Edge Radius. All wraposts shall have sharp edges to insure good 
contact with the wire when wrapped. The corner radii of the edges shall not ex¬ 
ceed 0.003 inches after plating. Edge burrs shall not exceed 0.0015 inches. 

i 
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3.2.3.3 Length. The minimum effective length of the vrapost measured 
from the vrapost retainer to the base of the vrapost apex, shall be as shovn 
in Table I for the applicable number of vrappers and vire size. 

3.2.3.4 Durability. Vrapost shall be durable enough to vithstand being 
unwrapped and revrapped a minimum of 10 times and still comply with the require¬ 
ments of 3»4.1.2. 

3.2.3.5 Material. Wraposts shall be made from a suitable copper alloy 
having hardness of from Rockwell C25 to 40. 

Table I. Vrapost Length 


Vire 

Size 

(AWG) 

Nominal 

Vire Dia 
(Inches) 

Vire 

Circular 

Mils 

Effective Length 

Min Values in inches 

1 Wrapper 2 Vrappers 3 Vrappers 

24 

.0201 

404 

.0.210 

0.420 

0.660 

30 

.0100 

__ 

0.175 

0.350 

0.525 


3.2.4 Gages. The contractor shall provide himself with whatever gages 
are necessary and adequate to insure that the material to which this specifica¬ 
tion applies will meet the dimensional requirements shovn on the applicable 
drawings. If so stipulated in the contract, order or requisition, the Govern¬ 
ment will furnish drawings of pertinent Inspection Gages for guidance in the 
design of the contractor's inspection gages. However, such procedure shall not 
serve to relieve the contractor of his responsibility in the design and manufac¬ 
ture of such gages as may be required for the satisfactory fulfillment of the 
contract requirements, but is intended to facilitate acceptance of all components 
and assemblies by NASA Inspection Gages. 

3.2.5 Preparation of Vire 

3.2.5.1 Insulation Stripping. The following precautions shall be taken 
when stripping insulation: 

(a) The insulation shall be removed without injuring the Conductor 
in any way. 

(b) Length of insulation stripped shall be as specified in Table . III. 
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3.2.6 Solderless Wrapped Process. Solderless wrapped connections shall 
be made with automatic wrapping tools capable of wrapping connections which 
Conform with all requirements of this specification. The sequence of operations 
for making wrapped connection shall be as follows. See Figure 2 for operations 
required which are as follows: 

(a) Verify that the tool meets the requirements as 
specified in 3.3. 

(b) Place tool (large hole) over the wrapost. 

(c) Rotate the tool spindle (1) around the wrapost. 

(d) Remove tool from wrapost. 

3.2.6.1 Wrapost Spacing. Wrapost spacing shall allow sufficient room 
to accommodate the wrapping tool when spaced on multiples of .025 grid 
coordinates. For machine wrapping, spacing shown in Table II is preferred. 


Table II. Wrapost Spacing 


ire Gage 



3.2.6.2 Wrapper Turns. Total wrapper turns shall be as specified in 
Table HI. The maximum space between turns shall be one half the bare wire 
diameter (first and last turns excepted). There shall be no overlap of turns to 
the last locked point (last wrapost corner) within the minimum turns specified. 
When using a hand tool, there shall be no axial force exerted on the wrap during 
the wrapping process in excess of the static weight of the wrapping tool. A turn 
shall be complete when it has made contact with the four corners of the wrapost. 
(See figures 9 through 13 and figure 6). 

3.2.7 Positioning of Wire 

3.2.7.1 Prior to wrapping, the wire shall be positioned radially so that 
subsequent routing of the unwrapped portion of the wire does not tend to unwrap 
the connection. 
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Table in. Number of Wrapper Turns 




Length of Insulation 

Gage 

(AWG) 

Number of Turns 

Stripped 

24 

5 min. to 6 max. 

1 5/16 Nominal 

30 

7 min. to 9 max. 

1 1/16 Nominal 


Each wrap shall consist of the specified number of turns of 
bare wire plus 1/2 to 2 turns of insulated wire. 

3.2.7.2 First Wrapper. The first wrapper (Zj) on all wrapost shall 
be placed in accordance with Figure 6. 

3.2.7.3 Additional Wrappers. When more than one wrapper is 
connected to a wrapost, all subsequent wrappers (Z2 and Z^) shall be 
positioned in accordance with Figure 6. 

3.2.7.4 Wrapper End. The final turn of any wrapper shall not 
extend away from the outside diameter of the stripped wire on the wrapost 
by more than the diameter of the stripped wire. (See figure 15) 

3.2.7.4.1 Wire Dressing. No metallic tools, probes or sharp instruments 
shall be used in dressing wires except blunt tools approved by the government 
inspector. Wrapped connections must not be subject to an axial pulling force on 
the wire which would tend to unwrap the connections. The wires should be 
dressed at right angles to the wrapost axis. 

3.2.8 Materials. Unless otherwise specified in the contract or order, 
ail materials and purchased parts entering into the assembly of the solder less 
wrapped connections shall conform strictly to the details indicated in applicable 
specifications and drawings. 

3.2.8.1 Wire 

3.2.8.1.1 Insulated Wire. For size #24 (AGW), insulated wire shall be 
solid, tin coated, copper conductor of proper hardness to indent, or be indented 
by the wrapost when wrapped. Insulation shall be of Polyvinyl Chloride with a 
Polyamide (nylon) jacket per ND 1002107. For size #30 (AWG) insulated wire 
shall be a high strength copper alloy, solver plated, with insulation per 1006732. 

3.2.8.1.2 Bare Wire. For size #24 (AWG), bare wire shall be tin coated, 
copper conductor meeting the requirements of ND 1002107 relative to conductor 
only. For size #30 (AWG), bare wire shall be silver plated, high strength copper 
alloy conductor meeting the requirements of 1006732 relative to conductor only. 
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3.2. 8 .2 Wire Elongation. The elongation shall he as shown In Table IV 

for the specified wire size, when tested as specified in paragraph 4.9 of this 
specification. See also HD 1002107 for #24 (AWG) wire and 1006732 for #30 
(AWG) wire. 


Table IV. 

Elongation 

Wire Size (AWG) 

Elongation in 10 inches 

min. percent 

24 

20 

30 

7.5 


3.2. 8 . 3 . Wrapost• Wrapost shall be made of copper base alloys in accordance 
with applicable drawings. 

3 2 8 3.1 Wrapost Plating. Wrapost shall be gold plated, in accordance with 
Specification MIL-0-i»52<*, Class I, Type II. Thickness of plating, under plate and 
copper strike shall be In accordance with detailed part drawings. 


3.2.9 Request for Deviation. Request for deviation from this specification; 
applicable drawings, specifications, publications, materials and processes shall be 
specified in writing to the contracting officer. 


3 . 3 . Wrapping Tbol Condition. Hew tools or tools that have been repaired, 
readjusted or modified shall be tested by making 24 sample connections on a test 
board while adjusted for making a current production lot of solderless waps in 
accordance with the wrapping process specified in this specification. All con¬ 
nections shall meet the requirements of 3 .4. 1.2 and 3 .4. 1 . 3 . 

3.4 Performance Requirements and Product Characteristics. The solder less 
wrapped connection shall meet the following performance requirements and product 
characteristics• 


3.4.1 Mechanical 

3.4.1.1 Visual Inspection, lfce wrapped connections shall be mechanically 
stable. Ihere shall be no evidence of wire embrittlement, or loose or broken con¬ 
nections, wraposts or components when inspected as specified in 4. 7 . 2 . 1 . 

3 .4.1.2 Wrapper Stripping. The stripping force for the wrapped connection 
shall be as shown in Table V. 
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3.4.1.3 Unwrapping. Bits, wire and wrappers shall be qualified by unwrap¬ 

ping in accordance with paragraph 4.7.2.4. The wrapped connection shall be cap¬ 
able of being unwrapped from the wrapost without breaking when unwrapped as 
specified in 4.7.2,4. 

3.4.2 Electrical 

3.4.2.1 Wrapper Resistance. The wrapper resistance shall not exceed the 
Millivolt drop requirements of Table VI when tested as specified in paragraph 
4.7*2.2. 

Table V. Minimum Wrapper Stripping 
Force (Pounds) 


1 Wire Size 

Wrapost 

Stripping Force (Lbs) 


(inches) 

MIN 

MAX * 

24 


n 

30 

30 . 

— 

.025 X .025 

4 . 

14 


* The i rfH«»«■ stripping force may be exceeded provided requirements of 3.4.1.3 are web 


Table VI. Wrapper Resistance 


| Millivolt 

Drop 







After 

After 



Initial 

After 

After 

Current 

Thermal 

Wire 

Max. 

at 

Humidity at 

Humidity at 

Overload 

Shock 

Size 

Rated 

2.4 

2.4 amps 

Rated 


per 

AWG 

amps 

amps 

per 3.5.3 

Current 

3.5.4 


n 

■^91 




4.0 


H 


if—— i 

■m 

ID 

4.0 


3 4 2 2 Current Overload (Wrapped Joint). The wrapped Joint shall withstand 
current overloads of 125 percent of rated current for 2 hours and 150 percent of 
rated current for 5 minutes without electrical deterioration. The voltage drop 
shall be within the limits specified in Table VI after the wrapjoint has cooled 


to room temperatures. 
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3.4.3 Gas Tight Area. Hie total gas tight area between the wrapost and the 
wire in a wrapped connection shall be at least equal to the area of the cross- 
section of the wire used in making the connection (See paragraphs 4.8.5 and 4.2.1.3). 
Verification that gas tight joint requirements have been met shall be by: 

(a) Compliance with the electrical (voltage drop) requirements of 
paragraph 3 .4. 2.1 after humidity testing per paragraph 3»5»3« 

(b) Compliance with the gas tight area tests of paragraph 4.8.5. 

3.5 Environmental Requirements. Hie solder less wrapped connections shall 
meet the other applicable requirements of this specification during or after tests 
defined in 4.8. Connections shall show no visible damage after environmental tests. 

3.5.1 Dry Circuit Test of Wrapped Joint. Dry circuit resistance of wrapped 
joint (See Figures 4 and 5) shall be determined by each of two methods, see test 
paragraph 4.8.1 (a and b). Hie resistance obtained by method (b) shall not vary 
more than 25 per cent from that obtained by method (a). 

3.5.2 Vibration, Operating Condition. The wrapped connections shall meet 
ail electrical and mechanical requirements of this specification during and after 
vibration in accordance with MIL-STD-202. See paragraph 4.8.2 for detailed testing 
methods. 

3 . 5.3 Humidity. Humidity test shall be in accordance with MIL-STD-202, 

Method 106 for moisture resistance. After samples have been dried, the connections 
shall meet the electrical requirements of Table VI. 

3.5.4 Hiermal Shock. Test samples prepared as specified in paragraph 4.2.1.3. 
shall be tested as specified in 4.8.4. Connections shall therafter meet all per¬ 
formance requirements of this specification. 

3.6 Workmanship. Workmanship shall be of such quality that all require¬ 
ments of this specification are met and the product will perform as intended. 

Care shall be taken to insure that there is no bending, turning, tearing, twisting, 
or other damage to wraposts which will result in a reduction of spacing between 
wrapped posts to cause voltage breakdown or other malfunction. Completed solder¬ 
less wrapped connections shall not be mechanically disturbed. 

3.6.1 Wire Re-use. Wire which has been unwrapped, stripped or removed 
from a wrapost shall be discarded. 

3.6.2 Wrapost Re-use. Wraposts shall be inspected for plating loss, corro¬ 
sion or other damage prior to rewrapping. Reused wraposts shall comply with the 
requirements of paragraph 3.2.3.4. In general, a wrapost from which a connection 
has been stripped or unwrapped may be reused as a new solderless wrapped connection 
up to a maximum of 10 rewraps. Wraposts from which a connection has been stripped 
per 4. 7 . 2.3 shall not be reused. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibility. Tie supplier is responsible for this performance 

of »n inspection requirements as specified herein. Except as otherwise specified, 
the supplier may utilize his own or any other inspection facilities and services 
acceptable to the Government. Inspection records of the examination and tests 
shall be kept complete and available to the Government as specified in the con¬ 
tract or order. The Government reserves the right to perform any of the in¬ 
spections set forth in this specification where such inspections are deemed 
necessary to assure that the connection conforms to prescribed requirements. 

4.2 Sampling 

4.2.1 Sampling for qualification and acceptance shall be as follows: 

(a) Sampling for preproduction 

(b) Sampling Plan A, for acceptance (lot by lot production check 
tests) 

(c) Sampling Plan B, for acceptance (periodic production). 

4.2.1.1 Sampling for Preproduction. Unless otherwise specified for each 
contract or order, a representative sample of connections should be made on sample 
boards and manufactured usin g the methods and procedures proposed for the pro¬ 
duction lot. These shall be submitted to the Government Inspector for inspection 
and tests at an activity designated in the contract for purposes of determining 
that the manufacturing process is under control and that compliance of the pro¬ 
duct with the requirements of the contract, specifications and drawings is met. 
Further production of the item by the contractor prior to approval of the con¬ 
tracting activity or the completion of tests on the preproduction samples shall 
be at the contractor's risk. 

4.2.1.2 Sampling for Plan A. Solderless wrapped connections shall be 
prepared for inspection from each production lot in accordance with MXL-STD-105, 
and shall be inspected in accordance with paragraphs covering requirements to 
determine if the AQL per cent defective are acceptable as defined in Table VII 
of this specification. A lot shall consist of parts which are produced under 
essentially identical conditions of manufacture using the same automatic wrap¬ 
ping tools and are presented for acceptance at one time • Tie maximum lot size 
shall be 5000 + 10?t solderless wrapped connections. 24 samples produced by each 
hand wrapping tool shall be inspected at two week intervals. 

4.2.1.3 Sampling Plan B. For each 500,000 solderless wrapped connections 
submitted for acceptance under a contract or, every six months, whichever occurs 
first, at least 24 connections shall be tested for each test specified in Tables 
VII and VIII. Also, at the Government Inspectors option, whenever a significant 
interruption of production has occurred. Sampling Plan B tests s h a ll be performed. 

9 
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4.3 Inspections and Tests 

4.3.1 Classification of Inspections and Tests. The inspection and testing 
of solderless wrapped connections shall be classified as follows: 

(a) Preproduction (inspection and tests)- 

(b) Flan A (inspections only) 

(c) Plan B (inspections and tests) 

4.3.1.1 Preproduction Inspections and Tests. Preproduction tests and inspec¬ 
tions shall be accomplished at a Government designated activity. lliese inspections 
and tests are outlined in Table VII and Table VIII, and shall be conducted after 
award of the contract to determine that the production will meet all the requirements 
of this specification. Acceptance of the sample shall determine acceptance of the 
lot from which it was taken. Failure of the sample shall result in rejection of 

the lot and/or cessation of production as determined by the procuring activity. 

Tfte tests shall be performed on a wrapost plate assembly, or assemblies having a 
sufficient number of contacts to perform all tests specified in Table VIII. Test 
wraps shall include all possible wrapping patterns which machine is capable of, 
and all types and sizes of wire intended for use under the applicable production 
contract. A special test wrapost plate or block configuration for this purpose 
may, at the option of the Government Inspector, be used for these tests. In this 
case the test plate shall be wrapped using tools, wire and wraposts to be used on 
the production item. 

4.3.1.2 Flan A (Inspection only). Flan A inspection shall be on a lot by 
lot basis per paragraph 4.2.1.2 of this specification and shall meet the same 
requirement as those outlined in Thble VII for preproduction inspections. 

4.3.1.3 Flan B (Inspections and Tests). Plan B inspections and tests shall 
be performed on samples in accordance with paragraphs 4.2.1.2, 4.2.1.3, and 4.3.1.1 
of this specification in accordance with Tables VII and VIII. Test wraps shall 
include all possible wrapping patterns which machine is capable of, and all types 
and sizes of wire intended for use under the applicable production contract. A 
special test wrapost plate configuration for this purpose may, at the option of 
the Government Inspector, be used for these tests. In this case the test plate or 
block shall be wrapped using tools, wire and wraposts to be used on the production 
item. 
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Table VII. Inspections for Preproduct ion, Plan A and Plan B 


Inspection 


JWrapost cross- ’• 
" section 


Requirement 

Paragraph 


3.2.3.1 


Wrapost edge radius 3*2.3.2 

^ Wrapost length 3*2.3.3 

Insulation Strip¬ 
ping 3*2.5»1 

Wrapost spacing 3.2.6.1 

Wrapper turns 3.2.6.2 

Petitioning of vir« 3 .2.7*1 


First Wrapper 


3.2.7 *2 


Additional Wrappers 3*2.7*3 


Wrapper &id 
Wire dressing 
Materials 


3*2.7** 

3*2.7**.l 

3 * 2.8 


Visual Inspections 3***1*1 

Wrapper Stripping 3**.1*2 

Unwrapping 3***1*3 

Workmanship 3*8 

Wrapost Reuse 3*8.2 


Test 

Paragraph 



Wrapost Cross Section, Wrapost Edge Radius, Wrapost Length, and Materials, 

need not be checked if inspected at a previous inspection point. 11 (Rev. B) 











m 


Sequence 
Test 
: Jfumber 
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Cable VTH. Testing (Preproduction, and Plan B) 


Requirement Test 
Paragraph Paragraph 



Dry Circuit 
Wrapper Resistance 
Humidity 
Dry Circuit 
Wrapper Resistance 


Current Overload 


Thermal Shock 


Wrapper Stripping 

Uhvrapplng 

Durability 

Gas Tight Area 

Wire Elongation 

Vibration, Operating 
Condition 


3.4.2.1 


3.4.2.1 
3.^.2 .2 


3 .^.1.2 
3>.1.3 
3.2.3 A 


3.2.8.2 



(a) Above tests can be performed on 4 sets of test samples 

(b) Seven tests can be performed on the "A" samples 

(c) Two tests can be performed on the ”B" samples 

(d) One test only, as shown, is performed on the "C H , "D", 
"I" samples 


(e) Sequence of tests as shown Is preferable 
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(f) Variations of the sequence of the tests to he performed on any 
one sample are permissible at the option of the Government Inspector. 

(g) The vibration test may be performed on any of the above samples, 
which nay be tested to destruction, providing that the tests do not occur immedi¬ 
ately prior to dry circuit test. 

4.4 Government Inspection. The Government Inspection shall, during the 

manufacturing process, such Inspections as are necessary to determine that 

the connections are In accordance with the requirements of the contract and this 
specification. 

4.5 Contractor's Inspection. Contractor's Inspection shall be conducted 
In accordance with provisions of Inspection by Contractor. 

4.6 Test Equipment. The following items of test equipment are required 
to perform the tests set forth In this specification. 

(a) Milllvoltmeter (0.2 Mill volt s/di vision )(5000 ohms/volt) 

(1/2 of l£ of full scale) 

(b) Ammeter D.C., 20 Amp Capacity (0.2)1 of full scale accuracy) 

(c) Stripping test fixture, 100 pounds capacity 

(d) Vibration tester 

(e) Oven, 20° to 105° C capacity (+ 3° accuracy) 

(f) Cold Charter, to -55° C capacity (+ 3° accuracy) 

(g) D.C. Power Source (20 Amp)(Max. ripple of 2$) 

4.7 Acceptance Testing 

4.7.1 Test conditions. Uhless otherwise specified, the connections shall 
be subjected to acceptance tests under the following conditions: 

(a) Temperature +70 to +80 ♦ 5 degrees P. 

(b) Barometric pressure: 28 to 32 Inches of mercury. 

(c) Relative humidity: 90 percent maximum. 

(d) Vibration: none. 
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4.7.1.1 Test and Inspection Equipment and Facilities. The contractor shall 
furnish and maintain all necessary test equipment, facilities, and personnel for 
performing all acceptance tests. The test equipment shall be adequate in quantity, 
and, unless definite requirements are specified, shall be of sufficient accuracy 
and quality to permit performance of the required acceptance tests. 

4.7.2 Test Procedure 

4.7.2.1 Visual Inspection. A comprehensive inspection shall be made of 
each connection submitted for acceptance to determine the extent of compliance 
with the requirements of this specification and other documents referenced. 
Requirements to be verified are listed in Table VII. Visual inspection shall be 
performed on wrappers to determine if the wire has been damaged or broken. 

Failure of a connection to meet all or any requirements listed in Table VII shall 
be cause for rejection. Any wrapost which is replaced or repaired shall be rein¬ 
spected. Inspection shall be performed at a magnification of at least 7 power 
for 24 (AWG) wire and at least 15 power for 30 (AWG) wire. 

4.7.2.2 Wrapper Resistance. Voltage drop shall be measured using the test 
board connections prepared in accordance with 4.2.1.3* Ten percent of the connec¬ 
tions on each board, or a minimum of two connections, whichever is greater, shall 
be picked at random and tested for voltage drop across single connections (See 
Figure 5). With the current stabilized, the voltage drop shall be in accordance 
with the requirements of 3.4.2.1J The lot represented by the sample shall be 
rejected if the sample fails to meet the requirements. 

4.7.2.3 Wrapper Stripping. Samples made on sample boards as specified in 

4.2.1.3 shall be tested using a test fixture illustrated in Figure 3* The clear¬ 
ance between the wrapost and the test fixture Jaws shall not exceed 70# of the 
wire diameter. The stripping force shall be applied at a uniform rate of 1 inch 
to 10 inches per minute, and shall comply with the requirements of 3.4.1.2. The 
minimum displacement of the wrapper along the wrapost shall be a distance equal 
to one diameter of the wire. The maximum displacement of the wrapper along the 
wrapost be limited to avoid an Increase from the initial break-away (starting 

strip force. The lot represented by the sample shall be rejected if the sample 
fails to meet the requirements. Wrap shall not bs pulled over top of pin. 

4.7.2.4 Unwrapping (for Qualifying Bits, Wire, and Wraposts). Samples shall 
be tested by unwrapping with a Gardner Denver 500130 unwrapping tool or equivalent 
for #24 AWG wire and 505084 or equivalent unwrapping tool for #30 AWG wire. The 
unwrapping tool «hnll be placed over the wrapost and its leading edge engaged 
between the wrapper end and the next wrapper turn. The unwrapping tool shall then 
be rotated until all of the wire has been transferred onto the tool. The un¬ 
wrapping tool, with the loose helical coil of wire shall then be removed from the 
wrapost. The Insulated portion of the wire is held firmly while the unwrapping 
tool is rotated so as to unwind the wire from the tool. It is not necessary that 
the unwrapped wire be perfectly straight. Waves or permanent deformation are 
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4.7.2.4 (Continued) 

permissible. Ihe wire shall not break during the unwinding process. Pro¬ 
duction not start or continue until tooling bits, wire and vraposts have 

been checked and necessary corrective action has been taken to comply with 
this specification. 

4.8 Preproduction Tests. Preproduction tests shall consist of sub¬ 
jecting connections to the following tests as applicable. 

4.8.1 The Dry Circuit • Wrapper Joint Only. Test procedure shall be as 
follows: 

(a) Microvolt Range. Dry circuit tests shall be made as shown in 

Figure 5* using the circuit shown in Figure 4 (a). 0.1 micro- - 

volt shall be applied across the test specimens and the polarity 
of the source voltage reversed. Ho voltage greater than 0.1 
microvolt shall be applied to the test specimens prior to 
application of the test voltage. 

(b) Millivolt Range. Tests shall be conducted as shown on Figure 
4 (b). The output of the power source shall be varied to give 
an initial voltage drop across the wrapped joint of 10 milli¬ 
volts. If the resistance is greater than 25 percent of the 
wrapper resistance at rated current (see paragraph 3*4.2), the 
voltage across the wrapped joint shall be increased to a maxi¬ 
mum of 150 millivolts. Ihe voltage at which the wrapper 
resistance shows a dip shall be recorded. If no dip is re¬ 
corded part shall be accepted. 

4.8.1.1 Current Overload (Wrapped Joint). The wrapped joint s h a ll be 
tested for compliance with the requirements of paragraph 3.4.2.2 and Table VI. 
Tests shall be successively performed on the same sample except for thermal 
shock test specimen. 

4.8.2 Vibration (operating condition), Ihe solderless wrapped connection 

i be vibrated, with the wrapost plate or module assembled and mounted in 

accordance with its intended general arrangement, per MIL-STD-202, Method 201 A 
except as modified in Table IX. Millivolt drop test shall be monitored in 
accordance with paragraph 4.7*2.2 during vibration testing. 

4.8.3 Humidity. The solderless wrapped connections shall withstand the 
humidity requirements of paragraph 3*5*3 of this specification. 
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Table IX. Vibration Test Schedule 



Duration (hours) * 

A, (Parallel to length of test panel) 

2 

B, (Parallel to width of test panel) 

2 

C, (Vertical to test panel, parallel 


to vrapost) 

2 


4.8.4 Thermal Shock. The connections shall be exposed to a minimum of 
five cycles of temperature change as Indicated in Table X. They shall be held 
at each specified temperature for 30 minutes. The samples shall not be exposed 
to room temperature for more than two minutes when changing from high to low 
temperature. Caution shall be exerted to minimize flexing the test leads when 
removing samples from the cold chamber. 


Table X 


Sequencf 

Degrees C 

Start (high) 

+105° 

Reduce (low) 

* 55° 

Raise to 

♦ 200 


After the test the connection shall meet the requirements of paragraphs 3*5*4 
and 4.7.1 of this spec1flcation. 

4.8.5 . Gas Tight Area. Blacken the assembly with ammonium sulfide gas 
after gold plated vraposts are exposed to aqua regia fumes. 

(a) The vraposts shall be suspended and corked in a 16 x 150 fcfcL 
test tube containing approximately 1 to 2 m. of aqua solution 
(l:l concentrated Hydrochloric and Hltrie acids). The solu¬ 
tion must not touch the vraposts; the vraposts shall be ex¬ 
posed to the aqua regia fumes for at least five to ten minutes, 
depending on the thickness of the gold plating, until all the 
gold is removed. 

(b) Then the chemically attacked vraposts shall be transferred to 
another 16 x 150 ran test tube containing approximately 1 ml of 
concentrated ammonium sulphide solution. Suspend the vrapost 
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4.8.5 (1>) Continued 

connections in the test tube so that they will not touch the 
ammonium sulphide solution. Close the test tube with a cork 
or rubber stopper and leave the specimens exposed to this 
atmosphere until they turn black. Copper and gold sulphide 
color will be developed on all areas exposed to vapor. 

(c) Dry and unvrap the connections with a tool which does not 

scratch the post. The gas tight areas will appear in bright, 
sharp contract with blackened area. The bright area shall 
conform to the requirements of 3*4.3 of this specification. 

4.9 Wire elongation. Each lot of wire of every five rolls, whichever 
is the most frequent, shall be tested for elongation in accordance with MIL-W- 
16878 and Method 211 of Federal Test Method Std No. 151 and shall conform to 
the requirements of paragraph 3.2.8.2 and Table IV of this specification. 

NOTICE 

When Government drawings, specifications, or other data are used for any 
purpose other than in connection with a definitely related Government pro¬ 
curement operation, the United States Government thereby incurs no responsibility 
for any obligation whatsoever; and the fact that the Government may have formula¬ 
ted, furnished, or in any way supplied the said drawings, specifications or other 
data it is not to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or cooperation or conveying any rights or permis¬ 
sion to manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

5. PREPARATION FOR DELIVERY 

(not applicable) 
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30. REQUIREMENTS 

30.1 PROCESS CONTROL. The personnel and equipment used in this 
process shall be qualified for use and inspected in accordance with the provisions 
of 40.2. 

30.2 MATERIALS 

30.2.1 Wraposts and Electrical Wire. The wraposts and the electrical 
wire to be wrapped on the terminals shall be as specified on the applicable 
drawing. 

30.2.1.1 Wire Curl. Wire to be used in accordance with this specification 
shall meet these wire curl requirements. A 30-inch length of wire, cut 
from a barrel or spool, shall not curl up to a diameter of less than 10 inches 
in 1 minute at room ambient conditions when lying unrestrained on a smooth 
surface. 

30.2.2 Cleaning Solvents. The cleaning solvents to be used for removing 
grease, oil, dirt, lacquer, or other soluble contaminants shall be ethyl 
alcohol or anhydrous aliphatic and chlorinated hydrocarbons in concentrated 
form or diluted with esters such as amyl acetate. 

30.3 EQUIPMENT 

30.3.1 Insulation Stripper. The insulation on electrical wire shall be 
removed using a thermal or precision mechanical insulation stripper which 
qualifies for use in accordance with the applicable requirements of 40.2.1.2. li 
When thermal strippers are used, exhaust hoods should be installed to remove 
noxious odors. The strippers shall be periodically inspected in accordance 
with the procedures specified in 40.2.2. 

30.3.2 Cutting Tools . The shielding on shielded wire or coaxial cable shall 
be cut and trimmed using appropriate cutting tools such as scissors, side- 
cutters, knives or razor blades. 

30.3.3 Wrapping Tools. Electrical wires shall be wrapped onto wraposts 
using the wrapping tools which qualify for use in accordance with 40. 2.1.2.2. 
The tools shall be erf the hand-type and shall be electric or air battery powered; 
the tools shall be appropriate for the specific type of wrapost to be wrapped as 
recommended by the tool manufacturer or as determined by the processor. 

30.3.4 Tensile Pulling Devices. Wrapped connections which are to be tensile 
tested shall bp pulled in an axial tensile device such as a Hunter Pull Tester, 
or equivalent. The tensile device shall be capable of applying a force to the 
wrapped connections at a specified uniform rate. 
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30.4 PREPARATION OF CONDUCTORS 

30.4.1 Stripping of Wire and Cable Insulation 

30.4.1.1 Single-Strand, Solid Type Conductors . Insulation on single-strand, 
solid type conductors shall be removed using either insulation stripper specified 
in 30.3.1. The amount of insulation to be removed shall be as required by 

the specific type of connection to be made, as specified on the applicable 
drawing. The stripping operation shall result in the insulation being cleanly 
and completely removed without puncturing or damaging the insulation remaining 
on the wire to the extent shown in Figure 7; the exposed conductor shall show no 
evidence of deformation or nicking of the conductor material or surface plating 
resulting from the stripping operation (see Figure 7). 

30.4.1.2 Shielded Wire and Coaxial Cable . The outer jacket, shielding and 
insulating on shielded wire and coaxial cable shall each be removed using the 
appropriate removal tools. The amount of outer jacket, shielding and primary 
insulation to be removed shall be as required for the specific type of connector 
to be used, as specified on the applicable drawing (see Figure 8). The outer 
jacket shall be removed first using either insulation stripper specified in 

30.3.1, followed by the removal of the shielding using any of the tools 
specified in 30.3.2. After the shielding is removed, the primary insulation 
shall be removed using either insulation stripper specified in 30.3.1. The 
stripping operation shall result in the outer jacket, shielding and insulation 
being completely removed without damaging any jacketing, shielding, or 
insulation remaining on the wire. The exposed conductor shall show no 
evidence of deformation, nicking, or removal of conductor material. 

30.4.2 Tinning erf Conductors . Unless otherwise specified on the applicable 
drawing, stripped conductors which are to be wrapped shall not be tinned. 

30.4.3 Handling of Stripped Wire and Cables . Upon completion of stripping, 
the prepared wire and caole shall be handled in a careful manner so as not to 
contaminate or damage the exposed conductor; the insulation on the wire or 
cable shall not be stretched or pushed back. 

30.5 WRAPPING PROCEDURE 

30.5.1 Preparation of Wrapping Tools. The wrapping tool to be used for 

the applicable wrapost to be wrapped shall have the appropriate insert and 
sleeve installed and the tool adjusted, if applicable, and inspected prior to 
production use in accordance with 40.2.2. 2. H 

30.5.2 Wrapping. The wire to be wrapped shall be inserted in the wire tunnel 
of the wrapping tool and properly seated in the anchoring notch. The loaded tool 
spindle shall be aligned axially over the wrapost and rotated until the wrap has 
been completed in accordance with the requirements as specified in 30.5.2.1. 
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30.5.2.1 Wrapping Criteria. The following criteria shall be used as the 
basis for acceptance or rejection of wrapped connections. 

30.5.2.1.1 Wrapper Urns. Shall comply with the requirements of 
paragraph 3.2.6. 2. 

30. 5. 2.1.2 Multiple Wrappers . Where more than one wrapper is placed on a 
wrapost, each wrapper shall meet the wrapping requirements individually. 

In addition, there shall be no overlap of one wrapper onto another. The 
positioning of the wrappers shall not allow the wrapper most distant from 
the wrapost base to extend onto the apex of the wrapost. (See Figure 4). 

30.5.2.1.3 Wrapper End. Shall comply with the requirements of 
paragraph 3. 2.7.4. 

30.5.2.1.4 Wrapper Forming. When viewed from the end of the wrapost, 
the wire shall show an indentation into the wrapost configuration at the 
corners (See Figure 15). 

30.5.2.1.5 Damage. The wrapost shall show no evidence of bending, 
twisting, tearing or other physical damage beyond the limits specified 
by Figure 16. The wire shall show no evidence of breaking or cracking. 
Indentations into the wire or wrapost or both, at the lock points (the point 
at which the wire crosses a wrapost corner) is not damage, and must exist 
to make a secure connection. 

30.5.3 Inspection and Re w ork. Upon completion of wrapping, the wrapped 
connection shall be visually inspected for the requirements of 30.5.2.1 and 
30.6. If discrepancies exist, the wire shall be cut immediately behind the 
connection, the wire wrap removed as specified in 30.5.4, and the conductor 
preparation and wrapping procedure performed as specified in 30.4 and 30.5, 
respectively. If more than five reconnections are needed on the same terminal, 
the wrapost shall be replaced. A completed existing connection shall not be 
reworked by reapplying the wrapping tool. 

30.5.4 Unwrapping of Connections. When required, connections shall be 
unwrapped by placing the appropriate unwrapping tool over the wrapost and 
engaging the tool between the wrapper end and the next wrapper turn. The 
tool shall then be rotated in the direction opposite that of the wrapping tool 
rotation and such that all turne are wound onto the tool. The tool shall 
then be removed and the loose helicoil of wire removed from the wrapost. 

30. 6 WORKMANSHIP. The wrapping process covered by this specification, 
including related conductor preparation shall be accomplished in accordance 
with the requirements of this specification. Final or acceptance inspection 
of finished, wrapped connections shall reveal no evidence of misuse of tools, 
improper wrapping techniques or physical damage to the connections. 

30.6.1 Wire Dressing. Dressed wire shall show * no evidence of nicking, 
scratching, cutting, etc. 


30.6.2 Wire Routing. Wire shall be routed so that stress applied to the wire 
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will not loosen or unwrap the connection. Sufficient slack shall be allowed 
to avoid pulling the wire against the edges of the wraposts; routing shall 
avoid conditions which contribute to cold flow, shorting, etc. 


40. QUALITY ASSURANCE PROVISIONS 

40.1 GENERAL. In order to assure proper control of the wrapping process 
covered by this specification, the supplier shall meet all the requirements 
specified herein and shall provide continuous audit of the wrapping process 

to assure compliance with the requirements of this specification. 

40.1.1 Inspection. The supplier, through his quality assurance or control 

agency, be responsible for the performance of all inspection require¬ 

ments as specified herein. 

40.2 PROCESS CONTROL 

40.2.1 Qualification. Personnel and equipment to be used in the process ^ 
covered by this specification shall be approved and qualified by the supplier s 
cognizant quality assurance or control agency prior to production use. 

40.2.1.1 Personnel. All personnel engaged in fabrication, assembly and 
inspection of electrical or electronic equipment to which this specification 
applies shall be qualified to perform such functions. Qualification shall 
consist of training and actual performance of prescribed duties under the 
supervision of instructors authorized by the supplier’s quality assurance 
or control agency. Personnel shall satisfactorily demonstrate individual 
abilities and job proficiency to qualify for a 6-month period. The names 
of all qualified personnel and their training records shall be recorded and 
kept on file at the supplier’s facility. In addition, the supplier shall 
monitor the efforts of all personnel engaged in the program to assure 
that only qualified personnel are performing production functions. 

Personnel not actively engaged in fabrication assembly or inspection . 
functions for period of 2 months shall be requalified prior to performing 
these functions. 

40.2.1.1.1 Per sonnel Requalification. Requalification of personnel shall 
consist of the requirements for qualification with the exception of the training 
requirements. Personnel may be requalified in the same procedure used to 
qualify the wrapping tools (see 40.2.1.2.2). 

40.2.1.2 Equipment 

40.2.1.2.1 Insulation Strippers. 

40. 2.1.2.1.1 Thermal Stripper. Qualification of the thermal insulation ^ 
stripper shall consist of properly stripping at least 10 samples of insulated 
wire for each wire size to be used for production. The stripped samples 
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4.7.2 Test Procedure 

4.7.2.1 Visual Inspection. A comprehensive inspection shall be made of connections 
(Per Paragraph 4.3.1.2) submitted for acceptance to determine the extent of canpli&nce 
with the requirements of this specification and other documents referenced. Require¬ 
ments to be verified are listed in Table IV. Visual inspection shall be performed on 
wirewraps to determine if the wire has been damaged or broken. 

Phi lure of a connection to meet all or any requirements listed in Table IV shall be 
cause for rejection. Any wrapost which is replaced or repaired shall be inspected. 
Inspection shall be performed at a magnification of at least 3 power for 26 (AMG) 
wire or larger and at least 7 power, for sizes smaller than AUG 26 Wire. 

4. 7 . 2.2 VTap Connection Resistance. Voltage drop shall be measured using the sample 
connections prepared in accordance with 4.2.1.3. With the current stabilized, the 
voltage drop shall be in accordance with the requirements of 3.4.2.1 (see Figure l6). 

The lot represented by the sample shall be rejected if the sample fails to meet the 
requirements • 

4.7.2.3 Wrap Connection Stripping. Samples made as specified in 4.2.1.3 shall be 
tested using a test fixture illustrated in Figure 15. The clearance between the 
wrapost and the test fixture Jaws shall not exceed 70 percent of the wire diameter. 

The stripping force shall be applied at a uniform rate of 1 inch to 10 inches per 
minute, and shall comply with the requirements of 3.4.1.2. The minimum displace¬ 
ment of the wrapper along the wrapost shall be a distance equal to one diameter of 
the wire. The maximum displacement of the wrapper along the wrapost shall be limited 
to avoid an increase from the initial break-away (starting) strip force. The lot 
represented by the sample shall be rejected if the sample fails to meet the require¬ 
ments. Wrap shall not be pulled over top of pin. 

4.7.2.4 Uhwrapping(for Qualifying Tools, Wire). Samples shall be tested by unwrapp¬ 
ing with a tool designed for the particular size being unwrapped. The unwrapping 
tool shall be placed over the wrapost and its leading edge engaged between the 
wrapper end and the next wrapper turn. The unwrapping tool shall then be rotated 
until all of the wire has been transferred onto the tool. The unwrapping tool, with 
the loose helical coll of wire shall then be removed from the wrapost. The insulated 
portion of the wire is held firmly while the unwrapping tool is rotated so as to 
unwind the wire from the tool. It is not necessary that the unwrapped wire be perfectly 
straight. Waves or permanent deformation are permissible. The wire shall not break 
during the unwinding process. 
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Figure 16. WRAP CONHECTIOB RESISTANCE DIAGRAM 

This test is only a test of wrap resistance. The test probes making contact 
to wire should be as close to the wire wrap as practicable without disturbing 
the wrap. This will avoid the false indication resulting from measuring the 
voltage drop due to wire resistance. 
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DESCRIPTION AND REQUIREMENTS FOR PROCESS FOR FABRICATION 
OF WIRING HARNESS IN WIRED ASSEMBLIES 


I# Tkt purpose of this document is to ••taUiih a procedure for the fabrication 
of wiring harness in wired assemblies used in the APOLLO Guidance and 
Navigation Equ ipme nt program. 
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DESCRIPTION AND REQUIREMENTS 
FOR 

PROCESS FOR 

FABRICATION OF WIRING HARNESS 
IN 

, WIRED ASSEMBLIES 


1. SCOPE 

1.1 PURPOSE. This specification establishes the procedures for the 
fabrication of wire harnesses. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following docuaents of the issue in effect 
on the date of invitation for bids fora a part of this specification to 
the extent specified herein. 

SPECIFICATIONS 

Military 

MIL-P-11268 Parts, Materials, and Processes Used in 

Electronic Coaaunication Equipment 

APOLLO G$N 

ND-1002071 Soldering of EBtattrtealcal Connections 

ND-1002206 Criaping of Solderless Connections 

DRAWINGS 

APOLLO G*N 
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Tape, Lacing and Tyteffg 
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3. REQUIREMENTS 

3.1 GENERAL. The provisions of this specification shall be applicable 
to all phases of wire harness fabrication to the extent specified herein. 
Specific requirements or provisions not covered by this specification shall 
be as specified on the applicable drawing or purchase order. In the event 
of conflict between the requirements of the applicable drawing, this spec¬ 
ification and other documents cited herein, the requirements of the 
applicable drawing, this specification and the other documents specified 
herein shall govern in that order. 

3.2 ROUTING AND DRESSING 

3.2.1 General. Routing and dressing (see 6.2) shall be in accordance with 
Specification TIIL-P-11268 with the following additions and exceptions: 

3.2.2 Slack. Except for wire which carries radio frequency, routing and 
dressing' 'siral 1 allow for a. sufficient amount of slack in the wire at the 
time of termination: 

a. To prevent undue stress on the wire or connection. 

b. To permit parts of components to be removed for servicing without 
disturbing other elements. 

c. To permit at least two replacements of the elements to which 
the wire is connected. 

d. To permit freedom of movement of lugs or terminals that are 
supposed to "float". 

e. To facilitate repair of broken or cut wire. 

f. To pervent wire breaking or chafing under repeated flexing of 
hinged parts. 

3.2.3 Twisted Conductors. Twisted conductors shall be twisted with a lay 
no greater than lb times nor less than 10 times the diameter of the 
twisted conductors. 

3.2.4 Length of Wire. In accordance with the other requirements of this 
specification, wire Teads.shall be as short as possible when terminated. 

3.2.5 Protection. Wire shall be routed and dressed in such a way as to 

be protected against rubbing or chafing. Contact shall be avoided with 
rough or irregular surfaces with sharp edges. • ^ 

3.3 HARNESSING ’ , 

3.3.1 Arrangement. Groups of wires shall be arranged as a harness in 
order to facilitate dressing and assembly. Individual wires of a har¬ 
ness shall run parallel to one another with a minimum of crossing. 
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3.3.2 Lacing Technique. Lacing shall start at one end of the harness and \ j 
shall proceed as outlined herein. Breakoffs of two or more wires shall | f 
also be laced. r | 

3.3.2.1 Lacing Cord. Lacing cord shall be of the ribbon-type in I ' | 
accordance with Drawing 1011753* 1 f; 

3.3.2.1.1 Cord Width. Harnesses having a diameter of 1/2 inch or less \ j 
shall be laced with "(J.062 inch wide ribbon; harnesses having a diameter J i | 
greater than 1/2 inch shall be laced with 0.090 inch wide ribbon; for 1 sj 
harnesses having varied diameters due to breakouts, both sizes of lacing cord | 
may be used, as applicable. . 

3.3.2.2 Starting Tie and Spot Tie. Lacing shall be started with the tie 
shown in Figure I. ' 

3.3.2.3 Lockstitches. Lockstitches shall consist of the tie shown in 1 
Figure 2.—Such lock'sTitches should be located a maximum of 3/4 inch apart. f 
A lockstitch shall be made before each breakout. J 


3.3.2.4 Finishing Tie. The finishing tie shall be as shown in Figure 3. 

The finishing tie s'KouTd be within 1-1/2 inches of the harness or wire 
termination. 

3.3.2.5 Spot Ties. Spot ties (see Figure 1) may be used for lacing 
harnesses not used in flight hardware. Breakouts not exceeding 3 inches 
in lA^gthli from a main cable may be spot tied. 

3. 3 .2.6 Splices. Splicing of single-strand lacing cords shall be as 
shown in Figure "4. 

3.3.2.7 Flat Harnesses. When flat harnesses are required by the applicable 
drawing, the Chicago stitch shall be used as shown in Figure 5. 

3.3.2.8 Cord Ends. The lacing cord at the ends of spot ties, start ties 
and finishing ties“shall be severed by burning with a hot soldering iron. 

The cord length remaining beyond the knot shall be 1/16 to 1/4 inch. 

3.3.3 Clamping Technique and Clamp Sizes. Clamp sizes shall be selected to 
{fit the diameter ot tiie harness as shown in Figure 6. Clamps shall not cut, 
pinch, or abrade the wires; wires shall be centered in the clamp and stress 
on individual wires and soldered connections shall be held to a minimum. 

3.4 ASSEMBLY OF FERRULE TERMINATIONS 

3.4.1 Crimping Method. The crimping method of ferrule termination shall be 
in accordance with Specification ND-1002206. 
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3.4.2 Alternate Method of Simple Ferrule Attachment. Alternate methods 
of shield termination where a ground lead is not required are shown in 
Figure 3. Thesemethods allow the shield braid to be folded back over 
the jacket or shield and then covered with shrink-fit tubing or a ferrule, 
a. 5 Assembly of Improved BNC Series Connectors. The assembly procedure 
for improved BNC Series connectors shall be as specified in Figure 0. 

3 . g Assembly of Connectors for Miniature Coa xial Cable 
3.6.1 Inner Pin and Outer Female Body . The assembly procedure for 
inner socket and outer male body type connector shall be as specified in 
Figure H. 

3.7 CRIMPING CONNECTOR TERMINATIONS. When specified on the 
applicable drawing, connector terminations, including contacts, plus, 
and lugs, shall be crimped to the wire leads in accordance with 
Specification ND 1002206. 

3 .8 SOLDERING. When soldering is required in the harness fabrication 
process, it shall conform to all the requirements of Specification ND 1002071. 

3.9 WORKMANSHIP. The process covered by this specification shall be 
conducted in a manner consistent with the highest quality practice and in 
accordance with the requirements of this specification resulting in harnesses 
which a re uniform in quality and appearance. There shall be no evidence 

of material flaws or improper fabrication caused by poor harnessing 
technique or workmanship. 
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Female Contacts 



Gasket 


Clamp 


Bushing 
For RG-52 and 
71/U Cables 



Jack Body 



1. Place nit and gasket over cable and cut jacket 
to dimensions shown without nicking braid. 


5/16 



2. Comb out braid and fold out. Cut cable dielectjric 
to dimension shown without nicking conductor. 


ASSEMBLY OF BNC SERIES CONNECTORS 


FIGURE 8 
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3. Pull braid wires forward and tape toward 
center conductor. Place clamp over braid 
and push back against cable jackets. 


Cut braid here 

r-i ^ 


d 

€ 


-A 1+-% 


Visually Inspect for possible 
damage during assembly . 



4. Fold back braid wires as shown, trim to proper 
length * and form over clamp as shown. For 
RG-62 and 71/U cable add bushing. Solder 
contact to center conductor per Specification 
ND1002071. 

* Braid shall be trimmed approximately 
halfway between rounded end and shoulder 
of damp. See Illustration. 


5. Insert cable and parts into connector body. 
Make sure sharp edge of clamp seats properly 
in gasket. Tighten nut until gasket splits 
(approximately 25 inch pounds torque). Do not 
turn cable in body of connector when tightening 


FIGURE 3 (Continued) 
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Strip coaxial cable and assemble the 
outer ferrule, positioning it over the 
conductor insulation. 




Assemble inner contact to inner 
conductor and crimp with 
recommended tooling. 



Snap-lock inner contact into outer 
contact, sliding barrel of outer 
contact between shield and inner 
insulation. 



Slide ferrule down over shield 
and outer Insulation and crimp 
to braid. Assembly can now be 
snap-locked into plug or receptacle. 



CONNECTORS FOR MINIATURE COAXIAL CABLE, 
TYPICAL ASSEMBLY PROCEDURE 


FIGURE If. 
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Strip the coaxial cable and assemble 
the ferrule, positioning it over the 
conductor insulation. 




Assemble inner contact to 
inner conductor and crimp 
with recommended tooling. 




Slide ferrule down over shield 
and outer insulation and crimp 
braid. The assembly can now be 
snap-locked into plug or receptacle. 



CONNECTOR FOR MINIATURE COAXIAL CABLE, 
TYPICAL ASSEMBLY PROCEDURE 

FIGURE 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain 
sufficient process and quality control to assure that the fabrication of 
harnesses is being conducted in accordance with the requirements of 
this specification. 

4.2 INSPECTION. All harnesses fabricated in accordance with this 
specification shall be examined for conformance to the requirements 
of the applicable drawing, this specification, and the following: 

a. Wire insulatinn shall not be broken, punctured, split, 
burned (disfigured) or frayed. 

b. Lacing shall be sufficiently tight to securely hold the 
wires in place but shall not cut or pinch the harness. 

c. Lacing cord shall not be twisted, kinked or frayed. 

5. PREPARATION FOR DELIVERY. This section is not applicable 
to this specification. 

6 . NOTES 

6 .1 INTENDED USE. This process is intended for use in the fabrication 
of wire harnesses used in APOLLO Guidance and Navigation Equipment. 

6 .2 ROUTING AND DRESSING. Routing is define* as wire layout 
throughout an assembly. Dressing is defined as the localized arrange¬ 
ment of wire. The object of dressing is to secure the neatest and 
most orderly appearance possible, with no stress placed on the wire. 
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DESCRIPTION AND REQUIREMENTS 
FOR 

PROCESS FOR 

FABRICATION OF WIRING HARNESS 
IN 

, WIRED ASSEMBLIES 



1, SCOPE 

1.1 PURPOSE. This specification establishes the procedures for the 
fabrication of wire harnesses. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect 
on the date of invitation for bids fora a part of this specification to 
the extent specified herein. 

SPECIFICATIONS 

Military 

MIL-P-11268 Parts, Materials, and Processes Used in 

Electronic Communication Equipment 

APOLLO GfiN 

ND-1002071 Soldering of U Rertrt e m kal Connections 

ND-1002206 Crimping of Solderless Connections 

DRAWINGS 

APOLLO G|N 

SCDfiBZ5$# Tape, Lacing and lyfpgrjt 
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3.3.2 Lacing Technique. 
shall proceed as outlined 
also be laced. 


Lacing shall start at one end of the harness and 
herein. Breakoffs of two or more wires shall 


3 . 3 . 2.1 


Lacing Cord^ Lacing cord shall be of the ribbon-type in 


accordance with orawing 161250$. 

3.3.2.1.1 Cord Width. Harnesses having a diameter of 1/2 inch 
shall be la ced wi ' fh "TT.062 inch wide ribbon; harnesses having a diameter 
treater than 1/2 inch shall be laced with 0.090 inch wide ribbon, for 
harnesses having varied diameters due to breakouts, both sizes of lacing cor 
may be used, as applicable. 

3 .j.2.2 Starting Tie and Spot Tie. Lacing shall be started with the tie 
shown in Figure I. 

3.3.2.3 Lockstitches. Lockstitches shall consist of the tie ^hown^in__ 

Figure 2.— Such lockstitches should be located a maximum of 3/4 inch apart. 

A lockstitch shall be made before each breakout. 

3 3 2.4 Finishing Tie. The finishing tie shall be as shown in Figure 3. 

The finishing tie shouTd be within 1-1/2 inches of the harness or wire 
termination. 

3.3.2.5 Spot Ties. Spot ties (see Figure 1) may be used for 
harnesses not useT~in flight hardware. Breakouts not exceeding 3 inches 
in leqgthh from a main cable may be spot tied. 

3 . 3 .2.6 Splices. Splicing of single-strand lacing cords shall be as 
shown in Figure T. 

3 3.2.7 Flat Harnesses. When flat harnesses are required by the applicable 
drawing, the Chicago stTTch shall be used as shown in Figure 5. 

3.3.2.8 Cord Ends. The lacing cord at the ends of spot ties, start ties 
and finishing tie—shall be severed by burning viith s ?^ e T n ^ iroiu 

The cord length remaining beyond the knot shall be 1/16 to 1/4 inch. 

3.3.3 Clamping Technique and Clamp Sizes^ Clamp sizes 

•Ext the diamefer ot the harness as showrTin Figure 6. Clamps shall not cut, 
pinch, or abrade the wires; wires shall be cen J e ^ d K in , tb 5 
on individual wires and soldered connections shall be held to a minimum. 

3.4 ASSEMBLY OF FERRULE TERMINATIONS 

3.4.1 Crimping Method. The crimping method of ferrule termination shall be 
in accordance with Specification ND-1002206. 
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DESCRIPTION AND REQUIREMENTS FOR PROCESS FOR FABRICATION 
OF WIRING HARNESS IN WIRED ASSEMBLIES 


The porpoM of thie docunaat if to fftabUsh a procedure for the fabrication 
of wiring harnoos in wired aooombiioo need in the APOLLO Guidance and 
Navigation Equipment program. 


I. 
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DESCRIPTION AND REQUIREMENTS 
FOR 

PROCESS FOR 

FABRICATION OF WIRING HARNESS 
IN 

, WIRED ASSEMBLIES 


i, SCOPE 

1.1 PURPOSE* This specification establishes the procedures for the 
fabrication of wire harnesses* 

2* APPLICABLE DOCUMENTS 

2*1 EFFECTIVE ISSUES* The following docuaents of the issue in effect 
on the date of invitation for bids fora a part of this specification to 
the extent specified herein* 

SPECIFICATIONS 

Military 

MIL-P-11268 Parts, Materials, and Processes Used in 

Electronic Coaaunication Equipment 

APOLLO GIN 

ND-1002071 Soldering of Utettrteakal Connections 

ND-1002206 Crisping of Solderless Connections 

DRAWINGS 

APOLLO G|N 
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3. REQUIREMENTS 

3.1 GENERAL. The provisions of this specification shall be applicable to * 
all phases of wire harness fabrication to the extent specified herein. 

Specific requirements or provisions not covered by this specification shall 
be as specified on the applicable drawing or purchase order. In the event 

of conflict between the requirements of the applicable drawing, this spec- 
if ic at ion and other documents cited herein, the requirements of the applicable 
drawing, this specification and the other documents specified herein shall 
govern in that order. 

3.2 ROUTING AND DRESSING 

3.2.1 General. Routing and dressing (see 6.2) shall be in accordance with 
Specification MIL-P-11268 with the following additions and exceptions: 

3.2.2 Slack. Except for wire which carries radio frequency, routing and 
dressing shall allow for a sufficient amount of alack in the wire at the time 
of termination: 

a. To prevent undue stress on the wire or connection. 

b. To permit parts of components to be removed for servicing without 
disturbing other elements. 

d. To permit at least two replacements of the elements to which 

d. To permit freedom of movement of lugs or terminals that are 
supposed to “float 11 . 

e. To facilitate repair of broken or cut wire. 

f. To prevent wire breaking or chafing under repeated flexing of 
hinged parts. 

g. Splicing - Wires in a continuous nm between two terminals 
shfrll not be spliced during the wiring operation. However, 
where specified on the applicable drawing, the so-called 
"Western Union" splice may be employed as per figure #11. 

3 .2.3 Twisted Conductors . Twisted conductors shall be twisted with a 
lay no greater than 15 times nor less than 10 times the diameter of the 
twisted conductors. 

3.2.4 Length of Wire. In accordance with the other requirements at this 
specification; wire leads shall be as short as possible when terminated. 

3.2.5 Protection. Wire shall be routed and dressed in such a way as to 
be protected against rubbing or chafing. Contact shall be avoided with 
rough or irregular surfaces with sharp edges. 

3.3 HARNESSING 

3.3.1 Arrangement. Groups of wires shall be arranged as a harness ^ OI ^er 
to facilitate dressing and assembly. Individual wires of a harness shall run 
parallel to one another with a minimum of crossing. 

2 

Rev. C 



APOLLO G$N Specification 
NO 1002032 JB 


3.3.2 Lacine Technique. Lacing shall start at one end of the harness and 
shall proceed as outlined herein. Breakoffs of two or more wires shall 
also be laced. 


3.3.2.1 Lacing Cord. Lacing cord shall be of the ribbon-type in 
accordance with Drawing 16T.25&Z* 

3.3.2.1.1 Cord Widt^ . Harnesses having a diameter of 1/2 inch or less^ 
shall be laced wit IT” .062 inch wide ribbon; harnesses having a diameter 
greater than 1/2 inen shall be laced with 0.090 inch wide ribbon; for 
harnesses having varied diameters due to breakouts, both sizes of lacing cord 
may be used, as applicable. 

3.3.2.2 Starting Tie and Spot Tie. Lacing shall be started with the tie 
shown in figure I. 

3.3.2.3 Lockstitches. Lockstitches shall consist of the tie shownin_ 

Figure 2.—Such locksTitches should be located a maximum of 3/4 inch apart. 

A lockstitch shall be made before each breakout. 

3.3.2.4 Finis hing Tie. The finishing tie shall be as shown in Figure 3. 

The finishing tie shouTd be within 1-1/2 inches of the harness or wire 
termination. 

3.3.2.5 Spot Ties. Spot ties (see Figure 1) may be used for lacing^ 
harnesses not used in flight hardware. Breakouts not exceeding 3 inches 
in lengthh from a main cable may be spot tied. 

3.3.2.6 Splices. Splicing of single-strand lacing cords shall be as 
shown in Figure T. 

3.3.2.? Flat Harnesses. When flat harnesses are required by the applicable 
drawing, the Chicago stitch shall be used as shown in Figure 5. 

3.3.2.8 Cord Ends. The lacing cord at the ends of spot ties, start ties 
and finishing iies~shall be severed by burning with a hot soldering iron. 

The cord length remaining beyond the knot shall be 1/16 to 1/4 inch. 

3.3.3 Clamping Technique and Clamp Sizes. Clamp sizes shall be selected to 
Jit the diameter of"the harness as shown in Figure 6. Clamps shall not cut, 
pinch, or abrade the wires; wires shall be centered in the clamp and stress 
on individual wires and soldered connections shall be held to a minimum. 


3.4 ASSEMBLY OF FERRULE TERMINATIONS 

3.4.1 Crimping Method. The crimping method of ferrule termination shall be 
in accordance with specification ND-1002206. 
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3 . 4 .2 Alternate Method of Simple Ferrule Attachment. Alternate methods 
of shield termination where a ground lead is not required are shown in 
Figure 3. Thesemethods allow the shield braid to be folded back over 
the jacket or shield and then covered with shrink-fit tubing or a ferrule. 

3.5 Assembly of Improved BNC Series Connectors. The assembly procedure 
for improved BNC Series connectors shall be as specified in Figure Q. 

3.6 Assembly of Connectors for Miniature Coaxial Cable 

3 . e. 1 Inner Pin and Outer Female Body . The assembly procedure for 
inner socket and outer male body type connector shall be as specified in 
Figure H. 

3.7 CRIMPING CONNECTOR TERMINATIONS. When specified on the 
applicable drawing, connector terminations, including contacts, plus, 
and lugs, shall be crimped to the wire leads in accordance with 
Specification ND 1002206. 

3 . $ SOLDERING. When soldering is required in the harness fabrication 
process, it shall conform to all the requirements of Specification ND 1002071. 
3.9 WORKMANSHIP. The process covered by this specification shall be 
conducted in a manner consistent with the highest quality practice and in 
accordance with the requirements of this specification resulting in harnesses 
which a re uniform in quality and appearance. There shall be no evidence 
of material flaws or improper fabrication caused by poor harnessing 
technique or workmanship. 
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Female Contacts 


n 


Nut Gasket Clamp ^ ^52 and 
71/U Cables 


Jack Bo<iy 




Male Contacts 



Plug Body 



1 « Place nut and gasket over cable and out jacket 
to dimensions shown without nicking braid* 


I*—S/16 


h. '& - ^ 




• 2* Comb out braid and fold out. Cut cable dielectric 
to dimension shown without nicking oonductor. 


S/16 


ASS EMBL Y OF BNC SERIES CONNECTORS 
FIGURE 6 
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3* Pull braid wires forward and tape toward 
center conductor. Place clamp over braid 
and push back against cable jackets. 
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Strip coaxial cable and aaeemblo the 
outer ferrule, positioning it over the 
conductor insulation. 




Snap-lock inner contact into outer 
contact, sliding barrel of outer 
contact between shield and inner 
insulation. 



Slide ferrule down over shield 
and outer insulation and crimp 
to braid. Assembly can now be 
snap-locked into plug or receptacle. 



CONNECTORS FOR MINIATURE COAXIAL CABLE, 
TYPICAL ASSEMBLY PROCEDURE 

FIGURE if. 
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"METHOD FOR THREE WIRE SPLICE 1 * 

This procedure describes method for joining three wire splice. 

If there is more than one splice required in harness, layout of splices 
should be staggered. Each splice shall be stripped, soldered, tied, 
and insulated per the figure. 

The length of splice shall not be greater than 5/16*? tJ /32 

Soldering of splice must conform to ND 1002071. 

Tie spliced leads approximately 3/64" from bared wires. 

Apply shrink sleeve over splice, allow to overlap approximately 
3/32" each end, then shrink sleeve rapidly. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain 
sufficient process and quality control to assure that the fabrication of 
harnesses is being conducted in accordance with the requirements of 
this specification. 

4.2 INSPECTION. All harnesses fabricated in accordance with this 

specification shall be examined for conformance to the requirements 
of the applicable drawing, this specification, and the following: 

a. Wire insulation shall not be broken, punctured, split, 
burned (disfigured) or frayed. 

b. I shall be sufficiently tight to securely hold the 

wires in place but shall not cut or pinch the harness. 

c. Lacing cord shall not be twisted, kinked or frayed. 

5. PREPARATION FOR DELIVERY. This section is not applicable 
to this specification. 

6. NOTES ^ ^ . 

6.1 INTENDED USE. This process is intended for use in the fabrication 

of wire harnesses used in APOLLO Guidance and Navigation Equipment. 

6 .2 ROUTING AND DRESSING. Routing is defined as wire layout 
throughout an assembly. Dressing is defined as the localized arrange¬ 
ment of wire. The object of dressing is to secure the neatest and 
most orderly appearance possible, with no stress placed on the wire. 
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3. REQUIREMENTS 

3.1 GENERAL. The provisions of this specification shall be applicable to 
all phases of wire harness fabrication to the extent specified herein. 

Specific requirements or provisions not covered by this specification shall 
be as specified on the applicable drawing or purchase order. In the event 
of conflict between the requirements of the applicable drawing, this spec- 

if ic at ion and other documents cited herein, the requirements of the applicable 
drawing, this specification and the other documents specified herein shall 
govern in that order. 

3.2 ROUTING AND DRESSING 

3.2.1 General . Routing and dressing (see 6.2) shall be in accordance with 
SpecificationTCHL-P-11268 with the following additions and exceptions: 

3.2.2 Slack. Except for wire which carries radio frequency, routing and 
dressing shall allow for a sufficient amount of alack in the wire at the time 
of termination: 

To prevent undue stress on the wire or connection. 

To permit parts of components to be removed for servicing without 
disturbing other elements. 

To permit at least two replacements of the elements to which 
the wire is connected. 

To permit freedom of movement of lugs or terminals that are 
supposed to "float 11 • 

To facilitate repair of broken or cut wire. 

To prevent wire breaking or chafing under repeated flexing of 
hinged parts. 

Splicing - Wires in a continuous run between two terminals 
shall not be spliced during the wiring operation. However, 
where specified on the applicable drawing, the so-called 
"Western Union" splice may be employed as per figure #11. 

3.2.3 Twisted Conductors. Twisted conductors shall be twisted with a 
lay no greater than 15 times nor less than 10 times the diameter of the 
twisted conductors. 

3.2.4 Length of Wire. In accordance with the other requirements of this 
specification; wire leads shall be as short as possible when terminated. 

3.2.5 Protection. Wire shall be routed and dressed in such a way as to 
be protected against rubbing or chafing. Contact shall be avoided with 
rough or irregular surfaces with sharp edges. 

3.3 HARNESSING 

3.3.1 Arrangement. Groups of wires shall be arranged as a harness in order 
to facilitate dressing and assembly. Individual wires of a harness shall run 
parallel to one another with a minimum of crossing. 
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313.2 Lacing Technique Lacing shall start at one end of the harness and 
shall proceed as outlined her in. Breakoffs Of two ro more wires shall 
also be laced. 


3 .3.2.1 Lacing Cord and Cord Width Harness having a diameter of 
appyrrriiHAt.Piy 1 / 2 " or leas shall be laced with .050 wide ribbon 
( 1012507 - 002 ), harnesses between approximately 1/2 and 1.00 shall be 
laced with .090 wide ribbon (1012507-004) and harnesses over 1.00 
■hull be laced with .125 wide ribbon ( 1012507 - 005 ). 

3.3.2.1.1. Cord Width Harnesses having a diameter of 1/2 inch or less 
shall be laced with 6.062 inch wide ribbon; Harnesses having a diameter 
greater than 1/2 inch shall be laced with 0.090 inch wide ribbon; for 
harnesses having varied diameters due to breakouts, both sizes of lacing 
cord may be used; as applicable. 

3.3.2*2 Starting Tie and Spot Tie. Lacing shall be started with the tie 
shown in Figure 1. 


3 . 3 .2 .3 Lockstitches and Figure Eight Stitches: Lockstitches shall 
consist of the fcie.shown in Figure 2 and figure"eight stitches shall 
consit of the tie shown in Figure 2A. Either the lockstitch or figure 


might stitch may be used. Such lockstitches or Figure -eight stitches 
shall be located a maximum of 3/4 inch apart- A lockstitch or figure 


eight stitch shall be made before each breakout. 


3 . 3.2.4 Finishing Tie The finishing tie shall be as shown in Figure 3 . 
The finishing tie should be within 1-1/2 inches of the harness or wire 
termination. 


3 . 3 . 2.5 Spot Ties Spot ties (see Figure l) may be used for lacing 
harnesses not used in flight hardware. Breakouts not exceeding 3 inches 
in length from a main cable may be spot tied. 

3.3.2.6 Splices. Splicing of single-strand lacing cords shall be as 
shown in Figure 4. 

3 . 3 .2.7 Flat Harnesses When flat harnesses are reauired by the applicable 
drawing, the Chicago stitch shall beuused as shown in Figure 5*' 

3.3.2 .8 Cord Ends The lacing cord at the ends of spot ties, start ties 
and finishing ties shall be severed by burining with a hot soldering iron. 
The cord length remaining beyond the knottshall be l/l 6 to 1/4 inch. 


3 . 3.3 Clamping Technique and Clamp gizes . Clamp sizes shall be selected to 
fit the diameter of the harness as shown in Figure 6 . Clamps shall not cut 


pinch, or abrade the wiresp wires shall be centered in the clamp and stress 
on individual wires and soldered connections shall be held to a minimum. 


3.4 ASSEMBLY OF FERRULE TERMINATIONS. 

3 . 4.1 Cr^w«ping Method The crimping method of ferrule termination shall be 
in accordance with Specification ND 1002206. 
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3. 4 .2 Alternate Method of Simple Ferrule Attachment. Alternate methods 
of shield termination where a ground lead is not required are shown in 
Figure 9. Thesemethods allow the shield braid to be folded back over 
the jacket or shield and then covered with shrink-fit tubing or a ferrule. 

3.5 Assembly of Improved BNC Series Connectors. The assembly procedure 
for improved BNC Series connectors shall be as specified in Figure f. 

3.6 Assembly of Connectors for Miniature Coaxial Cable 

3.6.1 Inner Pin and Outer Female Body . The assembly procedure for 
inner socket and outer male body type connector shall be as specified in 
Figure K. 

3.7 CRIMPING CONNECTOR TERMINATIONS. When specified on the 
applicable drawing, connector terminations, including contacts, plus, 
and lugs, shall be crimped to the wire leads in accordance with 
Specification ND 1002206. 

3.8 SOLDERING. When soldering is required in the harness fabrication 
process, it shall conform to all the requirements of Specification ND 1002071. 

3.9 WORKMANSHIP. The process covered by this specification shall be 
conducted in a manner consistent with the highest quality practice and in 
accordance with the requirements of this specification resulting in harnesses 
which are uniform in quality and appearance. There shall be no evidence 

of material flaws or improper fabrication caused by poor harnessing 
technique or workmanship. 
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ASSEMBLY OF BNC SERIES CONNECTORS 
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Cut braid here 



Visually inspect for possible 



Pull braid wires forward and tape toward 
center conductor. Place clamp over braid 
and push back against cable jackets. 


Fold back braid wires as shown, trim to proper 
length * and form over clamp as shown. For 
RG-62 and 71/U oable add bushing. Solder 
contact to center conductor per Specification 
ND1002071. 

* Braid shall be trimmed approximately 
halfway between rounded end and shoulder 
of damp. See Illustration. 


Insert cable and parts into connector body. 
Make sure sharp edge of clamp seats properly 
in gasket. Tighten nut until gasket splits 
(appr oxim a t ely 25 inch pounds torque). Do not 
turn cable in body of connector when ti ghtening 
nut. 


•t 


FIGURE 6 (Continued) 
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8trip coaxial cable and assemble tbs 
outer ferrule, positioning it over the 
conductor insulation. 




Assemble inner contact to inner 
conductor and crimp with 
recommended tooling. 




•r 


Inner Pin 


Snap-lock inner contact into outer 
contact, sliding barrel of outer 
contact between shield and inner 
insulation. 




iter Female 
Body . 


Slide ferrule down over shield 
and outer insulation and crimp 
to braid. Assembly can now be 
snap-locked into plug or receptacle. 



CONNECTORS FOR MINIATURE COAXIAL CABLE, 
TYPICAL ASSEMBLY PROCEDURE 

FIGURE i£ 
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Strip the coaxial cable and assemble 
j the ferrule, positioning it over the 
| conductor insulation. 



Assemble inner contact to 
inner conductor and crimp 
with recommended tooling. 



Snap-lock inner contact into outer 
contact, sliding barrel o{ outer 
contact between shield and inner 
insulation. 



Slide ferrule down over shield 
and outer insulation and crimp 
braid. The assembly can now be 
snap-locked into plug or receptacle. 



CONNECTOR FOR MINIATURE COAXIAL CABLE, 
TYPICAL ASSEMBLY PROCEDURE 

FIGURE E| 
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“method for three wire splice" 

tyeeterh Onion Splice) 4 

1 . This procedure describes method for joining three wire splice. 

2. If there is more than one splice required in harness, layout of splices 
should be staggered. Each splice shall be stripped, soldered, tied, 
and insulated per the figure. 

3. The length of splice shall not be greater than 5/16* t*/32 

4. Soldering of splice must conform to ND 1002071. 

5. Tie spliced leads approximately 3/64 M from bared wires. 

6 . Apply «ht»ink sleeve over splice, allow to overlap approximately 

3/32“ each end, then shrink sleeve rapidly. Where diameter reductions 

preclude formation of a tight shrink, to the conductor insulation 
at either end of the solice by use of a single shrink sleeve, 
two stages of shrink sleeving of different diameters may be used 
to accomplish the same purpose. 



Figure 11 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain 
sufficient process and quality control to assure that the fabrication of 
harnesses is being conducted in accordance with the requirements of 
this specification. 

4.2 INSPECTION. All harnesses fabricated in accordance with this 
specification shall be examined for conformance to the requirements 
of the applicable drawing, this specification, and the following: 

a. Wire insulation shall not be broken, punctured, split, 
burned (disfigured) or frayed. 

b. Lacing shall be sufficiently tight to securely hold the 
wires in place but shall not cut or pinch the harness. 

c. Lacing cord shall not be twisted, kinked or frayed. 

5. PREPARATION FOR DELIVERY. This section is not applicable 
to this specification. 

6. NOTES 

6.1 INTENDED USE. This process is intended for use in the fabrication 
of wire harnesses used in APOLLO Guidance and Navigation Equipment. 

6.2 ROUTING AND DRESSING. Routing is defined as wire layout 
throughout an assembly. Dressing is defined as the localized arrange¬ 
ment of wire. The object of dressing is to secure the neatest and 
most orderly appearance possible, with no stress placed on the wire. 
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DESCRIPTION AND REQUIRMBTS 
FOR 

PROCESS FOR 

FABRICATION OF WIRING HARNESS 
IN 

WIRED ASSEMBLIES 


1.1 PURPOSE. This specification establishes the yrocedures tor the 

fabrication of wire harnesses• 

2. APPLICABLE DOCUMENTS 

O *! mmarwirry* ISSUES. Hie following documents of the issue in «**ect 

^th. aatfHK^ar bid. Tom • part of this sp.cmc.tioc to th. 
extent specified herein* 

SPECIFICATIONS j 


Military 

MIL-P-11268 


Parts, Materials, and Processes Used 
in Electronic Co— nn ication Equipment 


APOLLO G&N 

ND 10020T1 
ND 1002206 
ND 1002019 
ND 1002153 


Soldering of Electrical Connections 
Crimping of Solderless Connections 
Marking, General 

Application of Zipper Tubing Sealing 


DRAWINGS 

APOLLO G&N 

SCD 1032507 . T*!** Ucin « Tying 
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3,3.2 Lacing Technique , Lacing shall start at one end of the harness and 
shall proceed as outlined herein, Breakoffs of tvo or sore vires shall also 
be laced. 


3.3.2.1 Lacing Cord and Cord Width . Harness having a diameter of approxi¬ 
mately l/2" or less shall be laced with .050 vide ribbon (1012507-002, or 
.062" ribbon (1012507-007), harnesses between approximately l/2 and 1.00 shall 
be laced with .090 vide ribbon (1012507-004) and harnesses over 1.00 shall^be 
laced with .125 vide ribbon (1012507-005). Harness having varied diameters due 
to breakouts may use different vidths of lacing cord as applicable. 

i 

3.3.2.2 Starting Tie and Spot Tie . Lacing shall be started with the tie 
shown in Figure 1. The starting spot tie should be vithin 1.5 inches of the 
wire or harness termination. 


3.3.2.3 Lockstitches and Figure Eight Stitches. Lockstitches shall consist 

of the ties shown in Figure 2 or 2A and figure eight stitches shall consist of 
the tie shown in Figure 2B. Either the lockstitch or figure eight stitch may 
be used. Such lockstitches or figure eight stitches shall be located a maximum 
of 3/4 inch apart. A lockstitch or figure eight stitch shall be made before 
each breakout. 


3.3.2.4 Finishing Tie . The finishing tie shall be shown in Figure 3. The 
finishing tie should be vithin l-l/2 inches of the harness or wire termination. 


3.3.2.5 Spot Ties. Spot ties (see Figure l) may be used for lacing harnesses 
not used in flight hardware. Breakouts not exceeding 3 inches (see Figure 9) 
in length from a main cable may be spot tied. The spacing on the spot ties 
shall be as indicated in table I. Reduced spacing shall be permissible as 
required to insure the proper form and rigidity of the harness at branching, 
sharp bends, wire breakouts, shield terminations, and any other point where 
deformation might occur in handling or service. (See Fig. 9)* 


TABLE I 

Harness or Cable Diameter 
Less than 1 inch 
1 inch to 2 inches 
Greater than 2 inches 


Spot Tie Spacing 
3/4 inch approximately 

1 inch approximately 

2 inches approximately 


3.3.2.6 Splices . Splicing of single-strand lacing cords shall be as shown 
in Figure 4. 

3.3.2.7 Flat Harnesses. When flat harnesses are required by the applicable 
drawing, the Chicago stitch shall be used as shown in Figure 5 or 5A. 

3.3.2.8 Cord Ends. The lacing cord at the ends of spot ties, start ties and 
finishing ties shall be severed by burning with a hot soldering iron. The 
cord length remaining beyond the knot shall be l/l6 to l/4 inch. 
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3.3 .2.9 Lacing Branches . Whenever tvo wire branches break out from the 
main wire bundle opposite each other, they shall be laced as shown in 
Figure 7« 

3.3.2.10 Harness Jumper Wires . A harness Jumper wire is a harness conductor 

that has both ends terminating at the same harness breakout. Harness Jumper 
wires shall be secured in the harness as shown in Figure 8 . If the Jumper is 
not per print, it must be approved by HRB. m ' 

3 . 3.3 Clamping Technique and Clamp Sizes . Clamp sizes shall be selected to 
fit the diameter of the harness as shown in Figure 6 . Clamps shall not cut 
pinch, or abrade the wires; wires shall be centered in the clamp and stress on 
individual wires and soldered connections shall be held to a minimum. 

3 . 3.4 Strain Relief Gromnet . Strain relief grommets may be used in con- 
Junction with harness and connector clamps. They may be cut as shown in Figure lo 
to permit fitting over the harness or wire bundle without disturbing the wire 
terminations. The fitted grommet shall have the cut ends so aligned that they 
approach as close as possible the original configuration of the part. (Xtly 
grommets of the doubl* flange construction as shown in Figure 18 may be cut as 
described above. 

3.4 AS S i yM'T or FERRULE TERMINATIONS 

3 . 4 .1 Crimping Method. The crimping method of ferrule termination shall 
be in accordance with Specification HD 1002206. 

3.4.2 Alternate Method of Simple Ferrule Attachment . Alternate sethods 

of shield termination where a ground lead is not required are shown in Figure lo. 
These methods allow the shield braid to be folded back over the Jacket or shield 
and then covered with shrink-fit tubing or a ferrule. 

3.5 Assembly of Improved BNC Series Connectors. The assembly procedure 
for improved BNC Series connectors shall be as specified in Figure 17* 

3.6 Assembly of Connectors for Miniature C oaxial Cable 

3.6.1 Inner Pin and Outer Female Body . The assembly procedure for the 

inner pin and outer female body type connector shall be as specified in Figure 10. 

3 . 6.2 Inner Socket and Outer Male Body . The assembly procedures for the 
inner socket and outer male body s h a l l be as specified in Figure 1QA. 

3.7 Assembly of Connectors for Sub*»Miniature Coax ial Connectors, 

3 . 7 .I Female Sub-Miniature Coaxial Connector for Str anded Twisted Pair Wires.. 
The assembly procedure for inner pin and outer female contact shall be as 
specified in Figure 12. 
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3.7.2 Male Sub-Miniature Coax ial Connector for Stranded 

*he assembly procedure for inner socket and outer male contact shall be speciried 
in Figure 13* 

3 7 3 *»maie Sub-Miniature Coaxia l Connecter f~- sm« lded 31 "« l8W * r *- 
assembly procedure for InSer pin and outer female contact shall be as specified 

in Figure lU. 

3 7.U Male Sub-Mlnlature Coaxial Co n nector for Shielded Slnfjle . 
assembly procedure for inner socket and ou ter male contact shall be as specified 

in Figure 15. 

3 8 CRMPmO CONNECTOR TERMINATIONS. When specified on the “PPUcable 

drawing, c^tor terminations, including contact>, pl«, be 

crimped to the wire leads in accordance with Specification HD 10022U0. 

3 9 SOLDHUHO. When soldering is required in the h “™ e8 “ fa ^ c *^i^ rL 

process, l^shal! conform to all the requirements of Specification HD 10020T1. 

3.10 WORKMANSHIP. The process covered by this 

conducted in a manner consistent with the highest quality P^^iceandln 
accordance with the requirements of this specification 

SlSi are uniform in quality and appearance. There shall be no.svid«»ce of 
material flaws or Improper fabrication caused by poor harnessing technique or 
workmanship, 

3 11 Wire Marking. All harness wiring shall he marked in accordance with 

Specification ND 1002019 unless otherwise specified by drawings or by ins 
relative to ND 1002019 within such drawings. 


3.12 Insulation Sleeving. Zipper Tubing 

3.12.1 When the wired assembly drawing indicates that Upper tubing be used, 
the zipper tubing shall be sealed per HD 1002153* 


i 
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"METH OD FOR THREE WIRE SPLICE' * 

^Western Union Splice)" I! 

Una procedure describes method for joining throo wire splice* 

If there is more than one splice required in harness, layout of splices 
should be staggered. Each splice shall be stripped, soldered, tied, 
and insulated por the figure* 

The length of splice shall not be greater thaif 5/16? 

1 ■ ' 

Soldering of splice must conform to ND 1002071. 

1 • 

Tic spliced leads approximately 3/64" from,bared wires. 

Appl^ shrink sleeve over splice, allow to overlap approximately 

3/32 each end, then shrink sleeve rapidly* Where diameter reductions 

preclude formation of a tight shrink to the conductor ineulntion 
at either end of the splice by use of a single shrink sleeve, 
.two stages of shrink sleeving of different diameters may be used 
to accomplish the same purpose, . * , 



Figure 11 
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"METH OD FOR THREE WIRE SPLICE” 

' ^Western Union Splice)" ^ 

Ihia procedure describes method for joining throo wire splice* 

If there is more than one splice required in harness* layout of splices 
should he staggered. Each splice shall be stripped* soldered, tied* 
and insulated per the figure. 

The length of splice shall not be greater thait 5/16? 

1 • 

Soldering of splice must conform to ND 1002071. 

, » 

Tic spliced leads approximately 3/64" from.barcd wires. 


Appier shrink sleeve over splice* allow to overlap approximately i 

3/32 each end, then shrink sleeve rapidly. Whcrs diameter reductions I 
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la! cable and sunemM* the outer f«*rn»K 
c ix oyer the conductor outer lnmilntjon. 



, , 

Outer Ferrule . 


;h* ^ipnortlnK alerve over 
i beneath the ahield. 


the conductor Inner 



it 


C2 


Supporting Sleeve 


e Inner contact U> Inner 
jmmonded tooling. 


conductor and crimp 

; ' 


Inner Pin 


,K inner contact into outer contact, slldiwc 
I outer contact between shield and inner 



rule down over ahlold and outer Insulation and 
braid. Assembly can now be snap-locked into 
Bceptacle. . 



OOHHBCTORS FOR MINIATURE COAXIAL 
CAHU5, TIPIGAL A8SB1BLI PROCEDURE 
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FIGURE 1* 
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Inttrt the n^acmbly, into iho < utcrtamnlc contact until the 
Inr.er pin snips irto plrce and the outer supporting sleeve 
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V Strip the cable conductors nn«l asne ruble* . . 

> ll "' "»»to ihr cable conductor*. „ 1 APOLLO G&N Specification 
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Insert Uu» monthly into the outer mate cont.ict'untit the 
inner socket sn.« >« into pfnee and Dm* outer nupjiorUn« mUvvc ; 
is oyer the* outer main contact. Comhictur , *O m shall be outside 
th# outer msin contact. 



Place conductor **Cf* In the wide cap in the outer supporting sloove 
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Si?fp the cable conductor and assemble the 
hyrinr: onto the* conductor. 
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Insert the assembly Into the outer female contact until 
the inner pin snaps Into place. The cable braid (shield) 
should cover the barrel of the outer female contact. 




SUB -MINIATURE COAXIAL CONNECTOR , TYPICAL ASSEMBLY FROCHXJRX 
FIGURE Ik 
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Inner! the assembly into the outer male contact until the 
inner socket snaps into place* The cable braid (shield) 
should cover the barrel of the outer male contact. * 




8UB-MHIATUR1 COAXIAL CGBHECTGR, TYPICAL ABflBIBLT PROCEDURE 
FIGURE 15 
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Nut 


0 

Gasket 


Q' ** o=» 1 

B 
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D 

LJ 

| -t.ale Contacts 





Cla> * n *. * 

71 'aK • 


Jack Bo^jr 


0 = 

Male Contact# 



HlllllW 1 

u . H 


i. 


Place nut and gasket over cable and cut Jacket 
to dimenalone shown without nicking braid. 





2* Comb out braid and fold out. Cut cable dielectric 
to dimension shown without nicking conductor. 
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Description and Requirements 
For 

Process For 

Fabrication of Wiring Harness 
In 

Wired Assemblies 


1. SCOPE 

1.1 PURPOSE. This specification establishes the procedures 
for the fabrication of wire harnesses. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue 

in effect on the date of invitation for bids form a part of this 
specification to the extent specified herein. 

SPECIFICATIONS 

Military 

MIL-P-11268 

APOLLO G&N 

ND 1002071 

ND 1002206 

ND 1002019 
ND 1002153 

DRAWINGS 

APOLLO G&N 

SCD 1012507 Tape, Lacing and Tying 

SCD 1012555 Tape, Lacing and Tying 

SCD 1008936 Tape, Lacing and Tying 


Parts, Materials, and Processes 
Used in Electronic Communication 
Equipment 


Soldering of Electrical Connec¬ 
tions 

Crimping of Solderless Connec¬ 
tions 

Marking, General 

Application of Zipper Tubing 
Sealing 


i 


i 
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3• REQUIREMENTS 

3*1 GENERAL. The provisions of this specification shall 

be applicable to all phases of wire harness fabrication to the 
extent specified herein. Specific requirements or provisions 
not covered by this specification shall be as specified on the 
applicable drawing or purchase order. In the event of conflict 
between the requirements of the applicable drawing, this speci¬ 
fication and other documents cited herein, the requirements of 
the applicable drawing, this specification and the other docu¬ 
ments specified herein shall govern in that order. 

3.2 ROUTING AND DRESSING 

3.2.1 General . Routing and dressing (see 6.2) shall be in 
accordance with Specification MIL-P-11268 with the following 
additions and exceptions: 

3.2.2 Slack . Except for wire %diich carries radio frequency, 
routing and dressing shall allow for a sufficient amount of slack 
in the wire at the time of termination: 

a. To prevent undue stress on the wire or 
connection. 

b. To permit parts of components to be removed 
for servicing without disturbing other 
elements. 

c. To permit at least two replacements of the ele¬ 
ments to triiich the wire is connected. 

d. To permit freedom of movement of lugs or terminals 
that are supposed to "float". 

e. To facilitate repair of broken or cut wire. 

f. To prevent wire breaking or chafing under repeated 
flexing of hinged parts. 

g. Splicing - Wires in a continuous run between two 
terminals shall not be spliced during the wiring 
operation. However, where specified on the 
applicable drawing, the so-called "Western Union" 
splice may be employed as per figure #11. 
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3.3.2.10 Harness Jumper Wires , A harness jumper wire is a 
harness conductor that has both ends terminating at the same 
harness breakout. Harness jumper wires shall be secured in the 
harness as shown in Figure 8. If the jumper is not per print, it 
must be approved by MRB. 

3.3.3 Clamping Technique and Clamp Sizes . Clamp sizes shall 
be selected to fit the diameter of the harness as shown in Figure 6. 
Clamps shall not cut, pinch, or abrade the wires; wires shall be 
centered in the clamp and stress on individual wires and soldered 
connections shall be held to a minimum. 

3.3.4 Strain Relief Grommet . Strain relief grommets may be 
used in conjunction with harness and connector clamps. They may 
be cut as shown in Figure 18 to permit fitting over the harness 
or wire bundle without disturbing the wire terminations. The 
fitted grommet shall have the cut ends so aligned that they approach 
as close as possible the original configuration of the part. Only 
grommets of the double flange construction as shown in Figure 18 
may be cut as described above. 

3.4 ASSEMBLY OF FERRULE TERMINATIONS 

3.4.1 Crimping Method . The crimping method of ferrule termina¬ 
tion shall be in accordance with Specification ND 1002206. 

3.4.2 Alternate Method of Simple Ferrule Attachment . Alternate 
methods of shield termination where a ground lead is not required 
are shown in Figure 16. These methods allow the shield braid to 

be folded back over the jacket or shield and then covered with 
shrink-fit tubing or a ferrule. 

3.5 Assembly of Improved BNC Series Connectors . The assembly 
procedure for improved BNC Series connectors shall be as specified 
in Figure 17. 

3.6 Assembly of Connectors for Miniature Coaxial Cable 

3.6.1 Inner Pin and Outer Female Body . The assembly procedure 

for the inner pin and outer female body type connector shall be 
as specified in Figure 10. 
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3.3.2.4 Finishing Tie . The finishing tie shall be shown in 
Figure 3 or 1A (knot per 1A shall be mandatory for SCD 1012555 
lacing tape and SCD 1008936). The finishing tie should be within 
1-1/2 inches of the harness or wire termination. 

3.3.2.5 Soot Ties . Spot ties (See Figure 1 or 1A) may be used 
for lacing harnesses not used in flight hardware (knot ger 1A shall 
be mandatory for SCD 1012555 lacing tape and SCD 1008936). Breakouts 
not exceeding 3 inches (see Figure 9) in length from a main cable 
may be spot tied. The spacing on the spot ties shall be as indicated 
in table I. Reduced spacing shall be permissible as required to 
insure the proper form and rigidity of the harness at branching, 
sharp bends, wire breakouts, shield terminations, and any other 
point where deformation might occur in handling or service (See 
Figure 9)• 


TABLE I 


Harness or Cable Diameter 

Less than 1 inch 
1 inch to 2 inches 
Greater than 2 inches 


Spot Tie Spacing 

3/4 inch approximately 

1 inch approximately 

2 inches approximately 


3.3.2.6 Splices . Splicing of single-strand lacing cords shall 
be as shown in Figure 4. 

3.3.2.7 Flat Harnesses . When flat harnesses are required by the 
applicable drawing, the Chicago stitch or the Flat Lace stitch shall 
be used as shown in Figure 5 or 5A. 

3.3.2.8 Cord Ends . The lacing cord at the ends of spot ties, 
start ties and finishing ties shall be severed by searing with a 
hot instrument. The cord length remaining beyond the knot shall 
be 1/16 to 1/4 inch. 


3.3.2.9 Lacing Branches . Whenever two wire branches break out 

from the main wire bundle opposite each other, they shall be laced 
as shown in Figure 7. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain 
sufficient process and quality control to assure that the fabrica¬ 
tion of harnesses is being conducted in accordance with the 
requirements of this specification. 

4.2 INSPECTION. All harnesses fabricated in accordance with this 
specification shall be examined for conformance to the requirements 
of the applicable drawing, this specification and the following* 

a. Wire insulation shall not be broken, punctured, 
split, burned (disfigured) or frayed. 

b. Lacing shall be sufficiently tight to securely hold 
the wires in place but shall not cut or pinch the 

harness. 

c. Lacing cord shall not be twisted or kinked. In 
fiberglass type lacing cord, fraying is unavoidable. 

5. PREPARATION FOR DELIVERY. This section is not applicable to 
this specification. 

6. NOTES 

6.1 INTENDED USE. This process is intended for use in the fabrica¬ 
tion of wire harnesses used in APOLLO Guidance and Navigation Equip¬ 
ment. 


6.2 ROUTING AND DRESSING. Routing is defined as wire layout 
throughout an assembly. Dressing is defined as the localized arrange¬ 
ment of wire. The object of dressing is to secure the neatest and 
most orderly appearance possible, with no stress placed on the wire. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 PROCESS AND QUALITY CONTROL. The processor shall maintain 
sufficient process and quality control to assure that the fabrica¬ 
tion of harnesses is being conducted in accordance with the 
requirements of this specification. 

4.2 INSPECTION. All harnesses fabricated in accordance with this 
specification shall be examined for conformance to the requirements 
of the applicable drawing, this specification and the following! 

a. Wire insulation shall not be broken, punctured, 
split, burned (disfigured) or frayed. 

b. Lacing shall be sufficiently tight to securely hold 
the wires in place but shall not cut or pinch the 
harness. 

c. Lacing cord shall not be twisted or kinked. In 
fiberglass type lacing cord, fraying is unavoidable. 

5. PREPARATION FOR DELIVERY. This section is not applicable to 
this specification. 

6. NOTES 

6.1 INTENDED USE. This process is intended for use in the fabrica¬ 
tion of wire harnesses used in APOLLO Guidance and Navigation Equip¬ 
ment. 


6.2 ROUTING AND DRESSING. Routing is defined as wire layout 
throughout an assembly. Dressing is defined as the localized arrange¬ 
ment of wire. The object of dressing is to secure the neatest and 
most orderly appearance possible, with no stress placed on the wire. 
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3.3.2.10 Harness Jumper Wires . A harness jumper wire is a 
harness conductor contained within the basic harness that has 
both ends terminating at the end of the same harness breakout. 
Harness jumper wires secured with less than three lacing 
stitches shall be secured per Figure 8. Jumpers in the center 
of the bundle or jumpers between shield terminations need not 
be secured in this manner. If the jumper is not to print it must 
be approved by MRB or corrected. 

3.3.3 Clamping Technique and Clamp Sizes . Clamp sizes shall 
be selected to fit the diameter of the harness as shown in Figure 6. 
Clamps shall not cut, pinch, or abrade the wires; wires shall be 
centered in the clamp and stress on individual wires and soldered 
connections shall be held to a minimum. 

3.3.4 Strain Relief Grommet . Strain relief grommets may be 
used in conjunction with harness and connector clamps. They may 
be cut as shown in Figure 18 to permit fitting over the harness 
or wire bundle without disturbing the wire terminations. The 
fitted grommet shall have the cut ends so aligned that they 
approach as close as possible the original configuration of the 
part. Only grommets of the double flange construction as shown 
in Figure 18 may be cut as described above. 

3.4 ASSEMBLY OF FERRULE TERMINATIONS 

3.4.1 Crimping Method . The crimping method of ferrule termi¬ 
nation shall be in accordance with Specification ND 1002206. 

3.4.2 Alternate Method of Simple Ferrule Attachment . Alternate 
methods of shield termination where a ground lead is not required 
are shown in Figure 16. These methods allow the shield braid to 

be folded back over the jacket or shield and then covered with 
shrink-fit tubing or a ferrule. 

3.5 Assembly of Improved BNC Series Connectors . The assembly 
procedure for improved BNC Series connectors shall be as specified 
in Figure 17. 

3.6 Assembly of Connectors for Miniature Coaxial Cable 

3.6.1 Inner Pin and Outer Female Body . The assembly procedure 

for the inner pin and outer female body type connector shall be 
as specified in Figure 10. 
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Description and Requirements 
For 

Process For 

Fabrication of Wiring Harness 
In 

Wired Assemblies 


1. SCOPE 

1.1 PURPOSE. This specification establishes the procedures 
for the fabrication of wire harnesses. 


2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue 
in effect on the date of invitation for bids form a part of this 
specification to the extent specified herein. 

SPECIFICATIONS 


Military 

MIL-P-11268 

APOLLO G&N 

ND 1002071 

ND 1002206 

ND 1002019 
ND 1002153 

ND 1002357 

DRAWINGS 

APOLLO G&N 


Parts* Materials* and Processes 
Used in Electronic Communication 
Equipment 


Soldering of Electrical Connec¬ 
tions 

Crimping of Solderless Connec¬ 
tions 

Marking* General 

Application of Zipper Tubing 
Sealing 

Straightening of Bent Connector 
Contacts 


SCD 1012507 
SCD 1012555 
SCD 1008936 
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Tape* Lacing and Tying 
Tape* Lacing and Tying 
Tape* Lacing and Tying 
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3.6.2 Inner Socket and Outer Male Body . The assembly procedures 
for the inner socket and outer male body shall be as specified in 
Figure 10A. 

3.7 Assembly of Connectors for Sub-Miniature Coaxial Connectors 

3.7.1 Female Sub-Miniature Coaxial Connector for Stranded Twisted 
Pair Wires . The assembly procedure for inner pin and outer 

female contact shall be as specified in Figure 12. 

3.7.2 Male Sub-Miniature Coaxial Connector for Stranded Twisted 
Pair Wires . The assembly procedure for inner socket and 

outer male contact shall be specified in Figure 13. 

3.7.3 Female Sub-Miniature Coaxial Connector for Shielded Single 
Wire . The assembly procedure for inner pin and outer 

female contact shall be as specified in Figure 14. 

3.7.4 Male Sub-Miniature Coaxial Connector for Shielded Single 
Wire . The assembly procedure for inner socket and outer 

male contact shall be as specified in Figure 15. 

3.8 CRIMPING CONNECTOR TERMINATIONS. When specified on the 
applicable drawing, connector terminations, including contacts, 
plus, and lugs, shall be crimped to the wire leads in accordance 
with Specification ND 1002206. 

3.9 SOLDERING. Whtfn soldering is required in the harness 
fabrication process, it shall conform to all the requirements of 
Specification ND 1002071. 

3.10 WORKMANSHIP. The process covered by this specification 
shall be conducted in a manner consistent with the highest quality 
practice and in accordance with the requirements of this specifica¬ 
tion resulting in harnesses which are uniform in quality and 
appearance. There shall be no evidence of material flaws or im¬ 
proper fabrication caused by poor harnessing technique or workman¬ 
ship. 
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3.11 Wire Marking . All harness wiring shall be marked in 
accordance with Specification MD 1002019 unless otherwise specified 
by drawings or by instructions relative to ND 1002019 within such 
drawings. 

3.12 Insulation Sleeving, Zipper Tubing 

3.12.1 When the wired assembly drawing indicates that zipper 
tubing be used, the zipper tubing shall be sealed per MD 1002153. 

3.13 Straightness of Male Contacts . The tip of the fitted 
male contacts for part numbers 1010770 and 1010929, or equivalent 
manufacturer's connector series, shall be within 0.030 diameter 
of true position. Straightening may be accomplished as covered 
in specification ND 1002357. 

3.14 Contact Pin Height . The height of the pin contact 
measured from the connector mating face to the tip of the pin 
shall be at least 0.135 inch on rectangular connectors with a 
hexagonal polarization coupling device, part numbers 1010823, 
1010825, and 1010347, or equivalent. 
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1. SCOPE 

1.1 General 

It is the purpose of this document to establish the requirements and 
tests for demonstrating the qualification status of the Apollo Guidance and 
Navigation System design and production for the earth orbital and ultimate 
lunar rendezvous “landing mission, and the degree of testing which must 
be satisfactorily accomplished during each phase of development 
consistent with the constraints of earlier flight missions, 

1.2 Environmental Conditions 

The environmental conditions and stress levels herein bear a direct 
relationship to specifications describing spacecraft conditions, Varying 
equipment locations and mounting provisions have been taken into 
consideration. Transportation, handling, and storage conditions occur¬ 
ring during the normal lifecycle of the equipment have been studied and 
utilized to modify the tests appropriately either by stress level or duration 
of application to optimize the simulation. Combination of environments, 
particularly climatic tests, have been specified where facility 
considerations permit, 

1.3 Qualification Criteria 

The qualification of the Apollo Guidance and Navigation System 
shall be accomplished by a succession of tests in accordance with this 
specification at the part, subassembly, subsystem, and system level. 
Attainment of full qualification status is subject to satisfactory completion 
of specified tests as outlined below: 

1) Systems: One operational cycle followed by one mis sion cycle, 
both of which shall be conducted at nominal limits, 

2) Subsystems: One operational cycle at design limits, 

3) Subassemblies: One operational cycle at design limits, 

4) Parts: Specification requirements followed by life and/or 
endurance as applicable, 

1.4 Test Plans and Procedures 

Detailed ht^yrephgadUqrihejraaspbiteible centcagt&Ae ccntrac 

for each item subjected to qualification testing. The detailed test plan 
shall be submitted to MIT/IL at least 30 days prior to the scheduled 
start of the test. Information copies shall be forwarded by MIT/IL to- 
NASA/MSC and the TRB (Test Review Board) members. Review shall 
be accomplished and comments submitted for consideration at the next 
scheduled TRB meeting for final resolution and approval. The detailed 
test procedures shall be submitted to the TRB prior to the start of test. 
(Detailed procedures shall form an integral part of the test plan for the 
part qualification program.) 
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2. APPLICABLE DOCUMENTS 
2.1 Effective Issues 

The following documents shall form a part of this specification to 
the extent specified herein. Unless otherwise specified, the issue in effect 
on the date of this specification shall apply. 

SPECIFICATIONS 

Military 

MIL-I-26600 Interference Control Require¬ 

ments. Aeronautical Equipment 

National Aeronautics and 
Space Administration 
(NASA) 

MSC-ASPO-EM-10A (Addendum to MIL-I-26600) 


STANDARDS 

Military 

MIL-STD-810 Environmental Test Methods 

for Aerospace and Ground 
Equipment 
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3. REQUIREMENTS 

3.1 GENERAL 

This section establishes the qualification test requirements for all 
Apollo G&N equipment; systems, subsystems, subassemblies, and parts. 
Qualification tests shall consist of exposure of production hardware to 
the specified environmental conditions to assure that it shall meet the 
design requirements and perform its intended mission function. During 
the environmental exposures the equipment shall be operative or non¬ 
operative. depending on its condition during actual mission encountered 
environments and upon the criticality of the equipment and environment. 
Both natural and induced environments are included in the test programs. 
The hardware subjected to qualification tests shall be manufactured with 
same tooling, processes, quality control procedures and be representative 
of the same design as for normal production units destined for flight 
equipment. 

3.1.1 Prior Compliance 

The Apollo G&N Equipment shall have successfully met all 
requirements of the applicable inspection and acceptance test 
requirements as delineated in the SCD (Specification Control Drawing). 
PS (Purchase Specification), or FTM (Final Test Method) prior to being 
submitted for qualification testing as defined by this specification. Data 
from the inspection and acceptance shall be recorded and shall form a 
part of the qualification test data. 

3.1.2 Atmospheric Conditions 

Unless otherwise specified, test shall beoerformed at room ambient 
atmospheric pressure, a temperature of 78±10°F.. and a relative humidity 
of 80 percent maximum. 

3.1.3 Instrumentation and Data 

Instrumentation and data acquisition equipment shall be used to 
assure a sufficient data record of the environmental parameters control¬ 
led. and of the test article parameters critical to end item performance. 
Additional parameters may be recorded as secondary data to assist in 
failure isolation, evaluation information, etc.. at the discretion of the 
testing activity. Special care shall be taken to provide signal isolation 
and prevent circuit loading such that the data acquisition system has a 
minimum effect on equipment performance. 

3.1.4 Failures 

A failure occurs when the equipment under test is unable to perform 
its intended function within specified tolerances. Any failure shall be 
cause for corrective action and shall be completely documented and 
reported utilizing the Apollo G&N failure reporting system. Formal 
qualification testing of the failed item shall be discontinued until the 





Apollo GAN specification 
ND 1002037 
2 March 1965 


failure is resolved. Unless otherwise directed, when corrective action 
has been accomplished the test item shall be resubjected to the test phase 
where the failure occurred and the test sequence continued from that 
point. Changes in the absolute value of critical parameters will require 
individual evaluation prior to re-establishing a new measurement base. 
If, while the test item is being resubjected to a test phase a totally 
unrelated failure occurs it shall be reported, evaluated, and the proper 
corrective action accomplished, but it shall not be considered a 
qualification failure, and therefore testing shall be continued from that 
point. At any point in the test program, where corrective action results 
in replacement of a component, this! component shall be considered 
qualified by similarity in all previous environmental exposures, unless 
failure analysis proves otherwise. If there is repeated failure, 
malfunction, or out-of-tolerance performance in a given environment, 
this shall be recorded, analysis performed, and the equipment repaired 
and rechecked and then subjected to the next scheduled environment 
pending Test Review Board action. All failures shall be subject for 
review at the monthly Test Review Board meetings. 


3.1.4.1 Failure of Test Facility 

If the test facility fails, the equipment under test shall be rechecked 
and the test continued in a manner in which the test facility malfunction 
will result in a minimum effect upon the qualification of the equipment 
under test. Component failures induced by test facility failure shall be 
recorded, analyzed, and the component repaired, but shall not be 
considered relevant to GAN equipment qualification. 


3.1.5 Reporting 

Status, Interim where applicable, and Final Reports are required 
for all qualification tests conducted. The status report shall be submitted 
monthly in accordance with the requirements established at the Test 
Review Board. Interim reports are required for long duration test 
programs and shall note significant events, milestone accomplishments, 
and summarize test progress. For system and subsystem qualification 
tests, interim reports are required at approximately monthly intervals, 
and will be the subject of Test Review Board discussion. Final reports 
are required for each GAN part and equipment tested. Final reports 
shall be submitted within 45 days following completion of the total test 
effort and at a minimum must include: 

a. Test plan and procedure or a reference to this document 

b. Deviations from plan if any 

c. Acceptance data 

d. Photos, diagrams, description, etc. of test articles and setups 

e. Summary of failures and corrective action 

f. Test results 

g. Test data and analyses 

h. Conclusions 
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3.2.1 General 

The total G&N system will be subjected to the qualification program 
as described within this section. One Block 1-100 series and one Block 
II G&N System shall undergo nominal limit cycle qualification testing. 
System qualification shall consist of exposure of the entire G&N system, 
interconnected and functioning, to a series of environmental conditions 
simulating those encountered during its operational life. Successful 
completion of a nominal limit operational cycle followed by a nominal 
limit mission cycle shall be required for qualification. In general, the 
ground environments encountered during operational life are less severe 
than the mission environments, and therefore the nominal limit cycle 
primarily includes mission level environments. 


3.2.1.1 Equipment 


3.2.1.1.1 Block I (Series 100) Equipment 


The G&N Block I (Series 100) system shall be comprised of the 
following equipment: 

a. Inertial Measurement Unit (IMU) 

b. Power and Servo Assembly (PSA) 

c. Apollo Guidance Computer Group 

d. Map and Data Viewer Assembly 

e. Coupling Display Unit (CDU) 

f. CDU Panel Assembly 

g. CDU Frame Assembly 

h. Optics Shroud & Cover Assembly 

i. IMU Control Panel Assembly 

j. D&C Electronics Assembly 

k. Control Electronics Assembly 

l. G&N Indicator. Control Panel Assembly 

m. ' Harness and End Connector Assembly 

n. Optics Unit Assembly (OUA) 

o. Navigation Base 

p. Star Scanner Electronics 

q. Signal Conditioner 

r. Bellows - Sextant and Scanning Telescope 


3.2.1.1.2 Block H Equipment 


To be supplied at a later date. 


3.2.1.2 Nominal Limit Cycle Test 

The following test conditions comprise the two nominal limit cycles. 
Test conditions a. through e. comprise the nominal limit operational 
cycle, and test conditions e. through h. comprise the nominal level mission 
cycle. Test condition e. is conducted once, and is considered the final 
environment of the first cycle and the first environment of the final cycle. 
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b. Launch Vibration 

c. Launch Acceleration 

d. Cabin Atmosphere (Thermal Vacuum and Climatic Vi 

Temperature 

Oxygen 

Salt 

Humidity 

Vacuum 

e. Entry Nominal Acceleration 

f. Launch Vibration 

g # Cabin Atmosphere 

h. Entry Nominal Acceleration 


3.2.1.3 Test Sequence 

The test sequence shall be in the order listed in 3«2«1*2 with the 
following variations permitted, 

a. EMI may be conducted at any point in the nominal limit 
operational cycle, 

b. The vibration and acceleration environment beginning the 
operational cycle may be interchanged, 

3.2.1.4 Examination of Equipment 

The GAN system shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure, 

3.2.1.5 Test Conditions 

The input excitation and output loading of the GAN system shall be 
in accordance with the applicable FTM. Cold plates shall be utilized per 
normal CM equipment installation and the coolant temperature and flow 
rate shall be in accordance with the applicable FTM, provided the interface 
temperature of the equipment under test does not exceed the maximum 
allowable specified on the ICD (Interface Control Document). 

3.2.1.6 Performance 

Unless otherwise specified in the test plan, the GAN system shall 
meet the requirements of the applicable FTM before, during where 
specified, and after exposure to each environment. 

3.2.1.7 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 

3.2.2 BLOCK I 100 

One Block I 100 GAN system shall be subjected to the nominal 
limit cycle qualification test as outlined in 3.2.1.2 and as detailed herein. 


€ 901 - Z 
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3.2.2.1 EMI 

The G&N system shall be subjected to the EMI test of 4.2.6. 
During this test the equipment shall be operational in all equipment 
modes and exercised as completely as possible* Out-of-tolerance 
conditions shall be recorded and considered by the Test Review Board. 
Modification shall be made only after an incompatibility with other 
systems and other CM equipment is found. 

3.2.2.2 Launch Vibration 

The G&N system shall be subjected to the launch vibration profiles 
as follows: 

Equipment Test 

a. N/B isolator mounted, per Sects. 4.2.1.1 and 

with bellows, OUA less 4.2.1. 2 along 3 orthogonal 

eyepieces and IMU N/B axes 

normally mounted. 

b. MDV Same as a. except along 3 

convenient orthogonal axes 

c. Remaining G&N per Sects. 4. 2.1.1 and 

Equipment 4. 2.1. 3 along 3 CM, panel, 

or other convenient axes. 

per Sects. 4. 2.1.1 and 
4. 2.1. 2 along 3 orthogonal 
axes, one of which shall be 
perpendicular to the mount - 
ing plane. 


The equipment exposed to the same vibration profile may undergo the test 
in a single group, or each component may be exposed individually, with 
the exception of 3.2.2.2a which shall be tested as a single group. In either 
case the system shall be interconnected and functioning normally. During 
the vibration exposure all equipment shall be operated except the OUA 
and the MDV, (the condition lights located on the MDV shall be functionally 
checked). Normal system interface conditions shall be present even 
though the equipment is not operational during the exposure. The 
equipment under test other than the OUA and MDV, shall be exercised and 
functionally checked as thoroughly as possible during the exposure. 
Recording instrumentation shall be provided where applicable to monitor 
system performance. 

3.2.2.3 Launch Acceleration 

The G&N system shall be subjected to the launch acceleration test 
as specified in 4.2.3.1 and 4.2.3.2. The entire G&N System may be 
exposed to the environment at one time, or individual components may be 
exposed individually. If components are exposed individually, the system 
shall be interconnected and functioning normally to the extent possible 
within the limits of the centrifuge facility. During the acceleration 


d. Eyepieces, normal 
flight storage config¬ 
uration 
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exposure all equipment shall be operated except the OUA and the MDV, 

(the condition lights located on the MDV shall be functionally checked). 
Optics eyepieces shall be in a normal flight stowed configuration during 
this test. Normal system interface conditions shall be present even 
though the equipment is not operational during the exposure. The 
equipment under test, other than the OUA and MDV, shall be exercised 
and functionally checked as thoroughly as possible during the exposure. 
Recording instrumentation shall be provided where applicable to monitor 
system performance. 

3.2.2.4 Thermal Vacuum and Climatic (Cabin Atmosphere) 

The G&N System shall be exposed to the thermal vacuum and 
climatic, CM nominal limit test, as described in 4.2.4.1 and 4.2.4.4. 
Throughout the test the system shall be interconnected and operational, 
except for 2 hours out of each 24 hour period when all power, (except 
that required for normal heat, suspension, etc.) shall be off. During each 
of the following environments the system shall be functionally checked to 
the greatest extent possible within the limits imposed by chamber 
confinement. 

a. Dry Oxygen 

b. Salt Spray 

c. Humidity (Nominal) 

d. Thermal Vacuum 

During the environmental steps a. through f. of paragraph 4.2.4.4 
for equipment that penetrates the CM pressure hull (OUA and bellows), 
the external portions shall be maintained at the same pressure and 
temperature as the internal CM portions of the equipment. The portions 
of this equipment that are normally exposed to space conditions shall not 
be exposed to the climatic environmental conditions of salt and humidity. 
Prior to initiation of the test sequence the OUA shall be purged with dry 
nitrogen. Step g. of paragraph 4.2.4.4 shall be conducted on the space 
exposed portions of the OUA while maintaining the CM portions of the 
OUA at room ambient conditions. 

3.2.2.5 Entry Normal Acceleration 

The G&N equipment shall be subjected to the entry acceleration as 
specified in 4.2.3.1 and 4.2.3.4. The same conditions as specified in 

3.2.2.3 otherwise apply. 

3.2.3 BLOCK U 

To be supplied at a later date. 

3.2.4 LEM 

Not required. 
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3.3 SUBSYSTEM 

3.3.1 General 

The subsystems of the G&N equipment will be subjected to the 
qualification tests as described within this section. One Block 1 
100) and one LEM System shall undergo these tests at the subsystem 
level. Qualification shall consist of exposure of each subsystem of me 
G&N equipment to one operational cycle at the design limit environmental 
conditions that may be encountered at any point during equipment me, 
including emergency and abort flight phases. Groimd environments a 
included where these are more severe than flight levels. Th ® 8 ® 
are the extremes to which the equipment has been designed and this test 
program will therefore demonstrate that the G&N hardware will function 
during, where applicable, and following design limit environmental 
exposure. Successful completion of one operational cycle at these levels 
shall be required for qualification. 

3.3.1.1 Overstress 

Following the one operational cycle at design limits, the equipment 
shaU be subjected to selected overstress conditons. These tests shall be 
conducted to determine the G&N equipment design margin of safety with 
respect to critical environmental conditions. The over stress tests defined 
herein shall not be used as criteria to qualify or toe Pf 1 ” 

equipment, and may result in permanent degradation or failure. These 
tests shall be conducted in ascending order of severity, such that maximum 
usable data is derived from the program. In addition to over stress 
environmental conditions, overstresses resulting from out-of-tolerance 
cold plate conditions shall also be investigated. 

3.3.1.2 Equipment , 

For the purposes of this document the G&N subsystem and com* 
ponents thereof are defined according to manufacturer: 

3.3.1.2.1 CM Equipment Block I (Series 100) 

I. Inertial Sub Subsystem (ISS) 

a. Inertial Measurement Unit (IMU) 

b. Power Servo Assembly (PSA) 

c. Star Scanner Electronics 

d. Display and Control Hardware Group (D&C) 

e. Navigation Base (N/B) Assembly 

f. Coupling Display Units (CDU) or Electronic Coupling 
Data Units (ECDU) 

g. Signal Conditioner 

II. Apollo Guidance Computer Group 

a. Apollo Guidance Computer (AGC) 

b. Display and Keyboards (DSKY's) 

III. Optical Subsystem (OSS) 

a. Optical Unit Assembly (OUA) 

b. Map and Data Viewer (MDV) 


9 


* ■ Apollo GAN Specific 

ND 1002037 
2 March 1965 

3.2.1,2.2 LEM Equipment 
To be supplied later, 

3.3.1.3 Design Limit Cycle Test 

The following conditions comprise one design limit operational 

cycle. 

Special Environments 

a. EMI (AGO and DSKY's only) 

Dynamic Environments 

a. Vibration 

b. Flight Shock j 

c. Acceleration 

Climatic Environments 

d. Ground Temperature 

e. Thermal Vacuum 

f. Oxygen - overpressure and temperature 

g. Humidity 

h. Explosion 

Dynamic Environments 

i. Vibration * 

j. Earth Landing Shock 

3.3.1.4 Overstress Tests 

Following qualification, the G&N equipment shall be subjected to 
overstress tests in the following critical environments, 

a. Vibration 

b. Shock 

c. Thermal Vacuum 

d. Thermal Induced Failures (Cold Plate Out-of-Tolerance 
Conditions) 

3.3.1.5 Test Sequence 

The preferred qualification and overstress test sequence is shown 
in 3,3,1,3 and 3,3,1,4 and Figure 3-1, Variations in the test sequence are 


To be conducted following the overstress test if operational G&N hard¬ 
ware is utilized. This test may be performed utilizing simulated 
hardware, i. e. dummy components of a weight, center of gravity, and 
external mounting configuration identical to the actual G&N equipment. 
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permitted to facilitate chamber scheduling, personnel, etc. problem areas 
provided that: 

4 1. EMI, where specified is conducted first. 

2. The dynamic environments, steps a. throught c., precede the 

4 climatic tests. 

3. Vibration step i. follows all climatic tests. 

4. Earth landing shock, if conducted on operational G&N 
equipment, be conducted following the completion of the 
overstress test. (If simulated hardware is utilized for this 
test, it may be conducted at any point during the qualification 
operational cycle). 

3.3.1.6 Examination of Product 

The G&N subsystems shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure. 

3.3.1.7 Test Conditions 

The required interface conditions, between the G&N subsystem or 
components thereof under test, and other G&N or CM equipment shall be 
provided or simulated to the extent practicable during test. The test item 
may be exercised using simulated airborne equipment or ground support 
items; other parts of the same subsystem may be interconnected for 
function or operational checks. Power input to the test item shall be in 
accordance with the applicable PS (Procurement Specification) or FTM 
(Final Test Method). Unless otherwise specified, heat sinks and other 
thermal controls shall also be in accordance with the applicable PS or 
FTM provided the interface temperature of the equipment under test does 
not exceed the Tna^imum allowable on the ICD (Interface Control 
Document). 

3.3.1.8 Performance 

Unless otherwise specified in the test plan, the G&N equipment 
shall meet the requirements of the applicable PS or FTM before, during 
where specified, and following each environmental exposure. The 
operational status of each test item during the environmental exposures 
is shown in Figure 3~ 1 for Block I (Series 100) equipment. 

3.3.1.9 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 

3.3.2 BLOCK I (Series 100) 

One Block I (Series 100) set of G&N equipment shall be subjected 
to the qualification design limit operational cycle and the overstress tests 
as outlined in 3.3.1.3, 3.3.1.4, Figure 3-1, and as detailed herein. 



It 
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The Apollo Guidance Computer Group shall be subjected to the 
EMI test of 4,2,6 as indicated in Figure 3-1. During this test the equipment 
shall be operational and exercised as completely possible. Out of 
tolerance conditions shall be recorded and considered byttie Test Review 
Board. Modifications shall be made only after incompatability with the 
other subsystems or other CM equipment is found, 

3.2.2.2 Vibration, Launch 

The G&N equipment shall be subject to the launch vibration 
exposures of paragraph 4.2.1.1, and 4.2.1.2,4.2.1.3 or 4.2.1.7 
in Figure 3-1. During the nonoperational exposures of the MDV, the 
condition lights shall be functional. The OUA eyepieces shall be in a 
normal flight stowage configuration (the vibration of paragraph 4.2.l.Z 
shall apply). The vibration shall be applied along each of three orthogonal 
axes; the N / B test shall be along N / B axes, and all other equipment shall 
be vibrated along the CM axes, panel axes, or other convenient.test axes. 
The operational equipment shall be exercised and functionally checked 
as thoroughly as possible during the exposure. Recording instrumentation 
shall be provided where applicable to monitor equipment performance. 

3.3.2.3 Vibration - Launch Abort 

The G&N equipment shall be subjected to the launch abort vibration 
exposures of paragraph 4.2.1.4 or 4.2.1.5 as indicated in 
All other conditions of 3.3.2.2 shall otherwise apply. The N / B isolation 
system shall be preloaded with a force equivalent to 20g along the -XJNB 
axis. 

3.3.2.4 Shock. Flight 

The G&N equipment shall be subjected to the flight shock test of 
paragraph 4.2.2.2 as indicated in Figure 3-1. The MDV condition lights 
shall be functional during this exposure. The equipment shall be subjected 
to one shock along each plus and minus direction of each of three orthogonal 
axes (6 shocks). 

3.3.2.5 Acceleration 

The G&N equipment shall be subjected to either the launch or entry 
acceleration of paragraph 4.2.3.2 or 4.2.3.3 as indicated in Figure 3-1. 
The OUA eyepieces shall be in a normal flight stowage configuration 
during this exposure. The condition lights of the MDV shall be functional 
during this test. The operational G&N equipment shall be exercised and 
functionally tested to the greatest extent possible within the limit of the 
centrifuge facility. Recording instrumentation shall be provided where 
applicable to monitor equipment performance. 

5.3.2.6 Ground Temperature 

The G&N equipment shall be subjected to the ground high and low 
temperature test of paragraph 4.2.4.2 as indicated in Table 3-1. T e 
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equipment shall be operated during the periods indicated, however, 
performance within specification tolerances is not required. Deviation 
from tolerance, if any, shall be recorded. During the nonoperational 
storage temperature conditions all coolant and power (except that required 
for normal heat, suspension, etc) shall be off. During environmental 
steps d and h of paragraph 4.2,4.2, the equipment shall be turned on and 
operated and functional performance recorded within limits of the 
chamber confines, 

3.3.2.7 Thermal-Vacuum 

The GAN equipment shall be subjected to the thermal-vacuum 
conditions of paragraph 4.2.4.3 as indicated in Table 3-1. During the 
environmental exposure the equipment shall be exercised as completely 
as possible, and checked in accord with the applicable FTM within the 
limits imposed by chamber confinement. If the test sequence is inter¬ 
rupted the equipment shall be functionally checked before the sequence is 
reinitiated. During the test sequence the portions of the OUA normally 
exposed to space conditions shall be simultaneously exposed to the 
conditions of i through k, while the portions internal to the CM undergoes 
the conditions of steps a through h of paragraph 4.2.4.3, 

3.3.2.8 Oxygen, Overpressure and Temperature 

The GAN equipment shall be subjected to the oxygen overpressure 
and temperature test of paragraph 4.2.4,8 as indicated in Table 3-1. All 
equipment shall be exercised as thoroughly as possible during this 
exposure, 

3.3.2.9 Humidity 

The GAN equipment shall be subjected to the humidity test of 
paragraph 4.2.4.9 as indicated in Table 3-1. During thetestall equipment 
shall be exercised as thoroughly as possible except during the portion of 
each cycle where the temperature is above 100 F. During the portion of 
each cycle when the ambient temperature is above 100 F, the equipment 
shall be off, except for coolant flow and power required for normal heat, 
suspension, etc. The optics covers shall be in place during this test and 
the OUA shall be initially purged with dry nitrogen. 

3.3.2.10 Explosion 

The GAN equipment shall be subjected to the explosion test of 
paragraph 4.2.5 as indicated in Table 3-1. The equipment shall be 
exercised as thoroughly as possible during this test. The equipment shall 
function properly and shall not cause an explosion. Equipment covers not 
intended as hermetic or environmental seals or required to retain a 
positive internal pressure shall be removed during the test except the 
optics covers which shall be in place throughout the test. The OUA shall 
be purged with dry nitrogen prior and following each test phase (increase 
of pressure from test level to ambient). 

3.3.2.11 Earth landing Shock 

The GAN equipment shall be subjected to the Earth Landing Shock 
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FIGURE 3-2 

LEM GAN SUBSYSTEM DESIGN LIMIT OPERATIONAL CYCLE AND 
OVERSTRESS TEST SEQUENCE AND EQUIPMENT STATUS 



To be supplied at a later date. 
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test of paragraph 4.2.2.5 as indicated in Figure 3-1. The criteria for 
successful completion of this test shall be that the test items maintain 
their physical integrety. 

3.3.2.12 Overstress, Vibration 

The GAN equipment shall be subjected to the overstress vibration 
conditions as indicated in Figure 3-1. All other conditions of 3.3.2.2 
shall apply. As this test is not a requirement of qualification, degraded 
performance shall not constitute reason for discontinuance of the test, 
however, all out - of “tolerance conditions shall be reported. 

3.3.2.13 Overstress, Shock 

The GAN equipment shall be subjected to the overstress shock 
conditions of paragraph 4.2.2.4 as indicated in Figure 3-1. All other 
conditions of 3.3.2.4 shall apply. As this test is not a requirement of 
qualification, degraded performance shall not constitute reason for 
discontinuance of the test, however, all out-of-tolerance conditions shall 
be reported. 

3.3.2.14 Overstress, Thermal-Vacuum 

The GAN equipment shall be subjected to the overstress thermal- 
vacuum environmental conditions of paragraph 4.2.4.5 as indicated in 
Figure 3-1. All other conditions of 3.3.2.7 shall apply. As this test is not 
a requirement for qualification, degraded performance shall not constitute 
reason for discontinuance of the test, however, all out-of-tolerance 
conditions shall be reported. 

3.3.2.15 Induced Failure Overstress, 

Cold Plate Out-of-Tolerance Conditions 

The GAN equipment indicated in Figure 3-1 shall be subjected to 
the induced failure over stress conditions described herein. The 
equipment shall be normally mounted on the CM or simulated cold plates. 
Ambient air conditions of 75° ± 5°F and 5 psia shall be maintained during 
the tests. The equipment shall be operated and exercised in a mode that 
maximizes heat dissipation. Temperature recording instrumentation 
shall be utilized to monitor cold plate and critical equipment temperatures 
where applicable and accessable. Care shall be exercised to prevent 
instrumentation from interfering with equipment operation and normal 
heat transfer mechanisms. Initial performance parameters shall be 
established at nominal cold plate conditions (step a below) and shall be 
compared with the requirements of the applicable FTM or PS. Subsequent 
performance parameter measurements shall be compared to these initial 
readings. Out-of-tolerance conditions with respect to the applicable 
FTM or PS shall be noted, but shall not cause discontinuance of the test 
unless a catastrophic thermal run-away condition is indicated. The 
subassemblies, or parts thereof, contributing to degradation of 
performance during the test shall be identified if possible; however, 
continuation of the test shall take precedence over isolation of the portion 
of equipment causing such degradation during any one step. The test 
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shall be discontinued at the point that equipment operation is no longer 
possible. The following test sequence, which comprises the induced 
failure overstress conditions, may be interrupted between lettered steps 
to facilitate scheduling problems, etc, provided that prior to reinitiating 
the test sequence, step a. is repeated to reestablish measurement base. 
Critical performance parameters shall be monitored during the entire 
test sequence. 


a) 
— b) 

~ c) 

d) 

e) 

f) 

g) 

h) 
. i) 


Four (4) hours at nominal coolant temperature and flow rate 
conditions during which performance criteria are measured. 
Four (4) hours at maximum coolant inlet temperature 
specification limit +0 - 3°F and minimum flow rate 
specification limit during which performance criteria shall 
be measured and compared to that of step a. 

Same as step b except the time shall be two hourj and Q the 
temperature of the coolant shall be increased 10 ± 3 F. 

Same as step b except the time shall be two hour^ and Q the 
temperature of the coolant shall be increased 20 ± 3 F. 

Same as step b except the time shrill be two hours and the 
temperature shall be increased 30 ± 3 F. 

Repeat step a. J 

Same as step b except the time shall be two hours and the flow 
rate shall be reduced 15 ± 5%. 

Same as step b except the time shall be two hours and the flow 
rate shall be reduced 30 ± 5%. 

Same as step b except the time shall be two hours and the flow 
rate shall be reduced 50 ± 5%. 


3.3.3 LEM 


To be supplied at a later date. 


3.4 SUBASSEMBLIES 


3.4.1 General 

Selected subassemblies will be subjected to the qualification 
program as described within this section. In general, subassembly 
qualification shall be accomplished at design limit environmental stres¬ 
ses, and where applicable for a single operational cycle. Life conditions, 
where parameter drift is a major consideration, is for this program 
considered an environmental stress, and are included in the test program. 


3.4.1.1 Over stress 

Following the qualification test cycle, the subassemblies shall be 
subjected to selected overstress conditions when applicable. The 
overstress tests shall be conducted where there is insufficient prior 
engineering evaluation data available to determine the design margin of 
safety. These tests shall not be used as criteria for qualification or 
disqualification of the G&N equipment, and permanent failure may result 
from exposure to the high environmental stress conditions. 
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3.4.1.2 Equipment 

The subassemblies to be tested as described herein are identified 
in contractor technical directives. 

3.4.1.3 Test Matrix and Sequence 

The test matrix identifying the environmental stresses to which 
each type of module shall be subjected is shown in Figure 3-3. The test 
sequence may be altered to facilitate chamber scheduling and permit 
efficient test conduct. 

3.4.1.4 Examination of Product 

Each subassembly shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure. Particular attention shall be given to connectors and intercon¬ 
nection points. 

3.4.1.5 Test Conditions 

The subassembly test conditions shall simulate the mounting, 
interconnection, and thermal control such as heat sinks or cold plates 
that would normally be seen as a part of its higher G&N level of assembly. 

That is. unless otherwise specified. GME (Gimbal Mounted Electronics) 
subassemblies shall be maintained on a heatsink of 135 ± 2 F. and PSA 
and AGC subassemblies shall be mounted on a heat sink which is 
maintained at the nominal temperature in accordance with system 
requirements. The remaining modules. OUA, D&C, etc. shall be normally 
mounted to a holding fixture and unless otherwise specified tested at 
room ambient conditions. The subassemblies shall be exercised and 
operated utilizing standard laboratory instruments or ground test 
equipment. Interconnection points on the subassemblies shall be mated 
utilizing normal airborne mating connectors. Power input shall be in 
accordance with the applicable PS or FTM. The type of test program 
that a particular module will undergo is dependent upon operation and 
location of the module. Conditions have been modified to consider the 
location of the subassemblies in their normal G&N packaged location. 
Therefore, in many cases the climatic conditions are less severe or 
nonexistent than higher level of assembly equipment due to hermetic or 
environmental seals in the end item equipment. 

3.4.1.6 Performance 

Unless otherwise specified in the test plan, the subassemblies shall 
meet the requirements of the applicable PS or FTM before, during where 
specified, and following each environmental exposure. The equipment 
shall be operational during all test phases, unless otherwise noted in the 
test plan. 

3.4.1.7 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all test phases in advance of their scheduled performance. . 
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3.4.2 BLOCK I (Series 100) 

The GAN subassemblies shall be subjected to the qualification 
design limit environmental stresses and the overstress tests as outlined 
in Figure 3-3 and as described herein. 

3.4.2.1 Thermal-Vacuum 

The GAN equipment shall be subjected to the thermal vacuum test 
of paragraph 4.2.4.3 as indicated in Figure 3-3. During the exposures 
the subassemblies shall be exercised and the performance checked in 
accordance with the applicable FTM or PS. Cold plate conditions shall 
be nominal during the entire exposure. If the test sequence is interrupted 
the subassembly shall be functionally checked before the sequence is 
reinitiated. The OUA modules shall undergo the same test cycle 
(paragraph 4.2.4.3 steps a through h) as all other subassemblies as 
specified in Table 3-3. 

3.4.2.2 Humidity 

The GAN subassemblies shall be subjected to the humidity test of 
paragraph 4.2.4.9 as indicated in Figure 3-3. During the test the subas¬ 
semblies shall be exercised as thoroughly as possible and performance 
shall be checked against the applicable FTM or PS. The equipment shall 
be operational for 22 hours during each 24 hour cycle. During the 2 
hour off period, which may occur at any point in the cycle, all coolant flow 
to heat sinks and power shall be off. 

3.4.2.3 Acceleration 

The GAN subassemblies shall be subjected to the acceleration 
environment of paragraph 4.2.3.3 as specified in Figure 3-3 except the 
20 + lg be applied along each the + and - directions of three 

orthogonal axes of each subassembly. All equipment shall be operational 
and the performance checked in accordance with the applicable PS or 
FTM, unless otherwise specified in the detailed test plan. 

3.4.2.4 Vibration 

The GAN subassemblies shall be subjected to the launch vibration 
of paragraph 4.2.1.2, 4.2.1.3, 4.2.1.6 or 4.2.1.7 as indicated in Figure 
3-3. All equipment shall be operational except the OUA and MDV subas¬ 
semblies. The vibration shall be applied along each of three orthogonal 
axes, one of which shall be perpendicular to the normal mounting plane of 
the subassemblies. 

3.4.2.5 Shock 

The GAN subassemblies shall be subjected to the flight shock test 
of paragraph 4.2.2.2 in accordance with Figure 3-3. The equipment shall 
be subjected to one shock along each the + and - direction of each of three 
orthogonal axes (6 shocks) one of which shall be perpendicular to the 
normal mounting plane. 


20 




Apollo CAN Specification 
ND 1002037 
2 March 1965 


3.4.2.6 Endurance 

The G&N subassemblies, as specified in Figure 3-3 shall be 
subjected to the endurance test as described herein. Each subassembly 
shall be mounted on a fixture or heat sink in accordance with 3.4.1.5, 
Throughout the test duration the test item shall be operational and the 
output parameters shall be monitored to determine drift with respect to 
time and environmental stress conditions. 

The endurance test shall be 5 endurance cycles (approximately 
1000 hours). Each endurance cycle shall consist of two phases, one 
simulating periodic vibrational stress and the second thermal pressure 
environment. Each phase shall consist of five test cycles (24 hours 
each). Figure 3-4 identifies the conditions during each type of test cycle 
and is further described herein: 

3.4.2.6.1 Temperature-Pressure Cycle 

a. Start test at 77±5°F temperature and atmospheric pressure 
(during first cycle only). Test samples energized at all 
times except the last 2 hours at each cycle. 

b. Evacuate chamber to 5±2 psia (temperature 77±5 F). Hold 
for 5 hours. 

c. Raise temperature to 150±5°F. Hold for 2 hours (including 
temperature change interval). 

d. Lower temperature to 32±5°F. Hold for 2 hours (including 
temperature change interval). 

e. Increase temperature to 77±5°F. Hold for tht remainder of 
this cycle. 

f. De-energize test samples during the last two hours of cycle. 

g. Functional tests will be performed prior to and after step f. 

h. At least one major parameter of each assembly will be 
monitored during the steps b. through e. 

3.4.2.6.2 Vibration Test Cycle 

a. Ambient temperature shall be 77±5°F throughout the cycle. 

b. Ambient pressure is atmospheric throughout the cycle, except 
when functional tests are performed. In the latter case the 
air pressure shall be 5±2 psia. 

c. Test samples will be de-energized during last two hours of 
cycle. 

d. One each cycle, test samples will be subject to 3.5 g rms 
sinusoidal vibration (total displacement limited to 0.3 inch 
along the axis of maximum acceleration. The sweep frequency 
will be varied logarithmically at a rate of one octave per 
minute from 10-1000-10 cps for a total of 15 minutes. 

e. Functional tests will be performed before and after exposure 
to vibration. 

f. . During vibration test cycle at least one major parameter of 

each assembly will be monitored for intermittent changes in 
magnitude and indications of malfunctions. 
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3.4.2.7 Thermal-Vacuum Overstress 

The subassemblies specified in Figure 3-3 shall be subjected to 
the thermal-vacuum environmental conditions of 4.2.4.5 step a t hr ougha. 
All other conditions of 3.4.2.1 shall otherwise apply, As this test is not 
a requirement for qualification, degraded performance shall not constitute 
reason for discontinuance of the test, however, out-of-tolerance 
conditions shall be reported* 

3.4.2.8 Vibration Overstress 

The subassemblies specified in Figure 3-3 shall be Jj? 

thevibration overstress of 4.2.I.8. AU other conditions of 3.4.2.4 shall 
otherwise apply. As this test is not a requirement for qualification, 
degraded performance shall not constitute reason for discontinuance of 
the test, however, out-of-tolerance conditions shall be reported. 


3.4.2.9 Shock Overstress 

The subassemblies specified in Figure 3-3 shall be subjectedto 
the shock overstress of 4.2.2.4. AU other conditions of 3.4.2.S shall 
otherwise apply. As this test is not a requirement for qualification, 
degraded performance shaU not constitute reason for discontinuance of 
the test, however, out-of-tolerance conditions shaU be reported. 

3.4.2.10 Long Term Aging StabiUty Test (Endurance) 

The GAN subassembUes shaU be instaUed on a cold plate in ac¬ 
cordance with 3.4.1.5 and shaU be operated tiiroughout 

Room ambient pressure shaU be maintained throughoutthetestandthe 
ambient temperature shaU be varied simultaneously with the cold plate 
in the following manner* 

Fours at 100±4°F. 0 

Decrease the temperature to 0±4 F in one hour ma x i m u m * 
Maintain 0±4°F for four hours. 


b. 

c. 

d. 


IVlcUUlVclJUl VJ.T X' 1WJ. AVW* a. 

Raise the temperature to 100±4 U F in one hour maximum. 

The above sequence represents one cycle. This cycle shall 
be repeated to accumulate 1000 hours minimum of operational 
time on the subassemblies. During the 100±4 F temperature 
phase of one cycle the performance of the unit shall be checked 
once per day* 


3.4.3 BIjOCK II SUBASSEMBUES 
To be supplied at a later date* 

3.4.4 LEM SUBASSEMBLIES 


To be supplied at a later date. 

— 1 — •. .. " 
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PRESSURE AT 312 PSIA CONSTANT 


• ASSEMBLIES ENERGIZED- 


ASS'YW 


150* f 


77* F 


1/ |*FCT. CH£CKS*j 


[de-enAr- 

JgizedI 

i ! 


u 


77*F 


|e- PCt CHECKSej 2HRp#- 


-A TYPICAL 24 HOUR TEST CYCLE TEMP-PRESSURE - 


TEMPERATURE-PRESSURE TEST CYCLE 


PRESSURE: SEA LEVEL, EXCEPT WHEN FUNCTIONAL 
CHECKS ARE PERFORMED. 

TEMP: ROOM AMBIENT 




•VIBRATION (15 MINUTES PER 24HOUR CYCLE) 


h PCT CHECKS 
AT 5 PSIA " 


ASS'Y ENERGIZED 
|«fCT. CHECKS » 


.. ASS *Y DE-ENER GIZ ED AT 3 RIA_ 


2HRI#* 


• A TYPICAL 24 HOUR TEST CYCLE VIBRATION— 

VIBRATION TEST CYCLE 


NofM, 1) FIVE 24 HOUR TEMP-PRESSURE TEST CYCLES, PLUS FIVE 24 HOUR 
VIBRATION TEST CYCLES IS ONE ENDURANCE CYCLE. 

2) FIVE ENDURANCE CYCLES CONSTITUTE THE ENDURANCE TEST 
(APPROXIMATELY 1000 OPERATING HOURS). 


FIG. 3-4 ENDURANCE TEST SUBASSEMBLIES 

U l-H ; C ^ i 
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3.5 PARTS 

3.5.1 GENERAL 

Parts as defined in contractor technical directives and the QSL 
(ND1002034) shall be subjected to the qualification testing in accordance 
with their detailed SCD (Specification Control Drawing) or PS (Purchase 
Specification) and the general test criteria as established in the applicable 
part qualification specification. 

The controlling document for each individual part qualification test 
shall be applied in the following order of precedence: 

1. Part qualification plan and Detailed Test Procedure 

2. SCD (Specification Control Drawing) 

3. PS (Purchase Specification) 

4. Applicable Qualification Specification 

5. Applicable Military Specification 

3.5.2 BLOCK I 100 

The Block I 100 G&N parts identified and listed in individual 
contractor Technical Directives shall be qualified in accordance with 

3*5.1. 

3.5.3 BLOCK H 

The Block II G&N parts identified and listed in individual contractor 
Technical Directives shall be qualified in accordance with 3.5.1*. 

3.5.4 LEM 

The LEM G&N parts identified and listed in individual contractor 
Technical Directives shall be qualified in accordance with 3.5.1. 
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4. TEST CRITERIA 

4.1 GENERAL 

This section contains the detailed definitions of the specific 
environmental test levels and other criteria applicable to the 
environmental stress determination for tests as required in Section 3. 


4.2 ENVIRONMENTS 


4.2.1 Vibration 

4.2.1.1 General 

Vibration test shall be conducted in accordance with the following 
paragraphs of Standard MIL-STD-810, Method 514* 1; Procedure# 
Procedure I, Random Vibration; Control and Analysis of Random Vibration 
paragraph 9.3, Vibration Input Control paragraph 9.4 and Transducer 
Mounting paragraph 9.5 of Section 9 entitled Test Details and Techniques. 
Tolerance limits between 10 cps and 50 cps shall be ±3 db. Providing 
the ±1.5 dbfrom 50 cps to 1000 cps cannot be met with existing facilities, 
the tolerance may be broadened to ±3 db providing the overall g rms 
level is held to ±10 . 

4.2.1.2 Launch, CM Primary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 1 Figure 4-1 for 6 minutes 
minimum per axis. 


4.2.1.3 Launch, CM Secondary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 1 launch of Figure 4-2 for 6 
minutes minimum per axis. 


4.2.1.4 Launch abort, CM Primary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 2 Figure 4-1 for 30 seconds 
minimum per axis. 

4.2.1.5 Launch abort, CM Secondary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 2 launch abort of Figure 4-2. 
The exposure time shall be 30 seconds per axis. 

4.2.1.6 CM Gimbal Mounted Hardware (GME, etc) 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Figure 4- IB for 6 minutes per axis. 
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4.2.1.7 Launch CM Equipment Mounted on Isolated Navigation Base 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-1, profile 3, the test duration 
shall be 6 minutes per axis. 

4.2.1.8 CM Over stress 

The vibration level shall be 3 db above the applicable launch 
vibration specified in paragraph 4.2.1.2, 4.2.1.3, 4.2.1.7, or 4.2.1.9. 

The duration shall be 1 minute per axis. 

4.2.1.9 Launch, Navigation Base Hardmounted CM Primary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 1 Launch of Figure 4-1A for 
6 minutes minimum per axis. 

4 . 2 . 1.10 Launch Abort* Navigation Base Hardmounted CM Primary 
_ Structure. 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordancd with Profile 2 Launch Abort of Figure 
4-1A for 30 seconds minimum per axis. 

4.2.1.11 Launch LEM Primary Structure 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-4. The test duration shall 
be 6 minutes per axis. 

4.2.1.12 LEM Panel Mounted Equipment 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-4. Test duration shall be 6 
minutes per axis. 

4.2.1.13 Lunar Descent and Ascent LEM Primary Structure Mounted 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-5. Time duration per axis 
shall be as specified on Figure 4-5. 

4.2.1.14 LEM Overstress 

Over stress shall be conducted in accordance with paragraph 4.2.1 
except the base level shall be the highest profile in paragraph 4.2.1.9 
through 4.2.1.11. 
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4,2.2 Shock 

4.2.2.1 General 

Shock tests shall be performed as follows using Standard MIL-STD- 
810, method 516.1 as a guide. Unless otherwise specified the shock level 
tolerance shall be ± 10% and time duration ± 10%. 

4.2.2.2 Flight Shock 

One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be 20g minimum, terminal 
peak sawtooth waveform, of 6 milliseconds duration. 

4.2.2.3 LEM Lunar Landing 

One shock along each plus and minus direction of each three 
orthogonal axes (6 shocks). Shocks shall be lOg minimum, terminal 
peak sawtooth waveform of 20 millisecond time duration minimum. 

4.2.2.4 Overstress 

One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be 40 g minimum, 6 millisecond, 
terminal peak sawtooth. 

4.2.2.5 CM Earth Landing 

One shock of 78 g, 11 milliseconds minimum duration, terminal 
peak sawtooth applied along the axis approximating the thrust axis (+ 
X C/M in Figure 4-6). 

4.2.3 Acceleration 

4.2.3.1 General 

Acceleration tests shall be performed as follows using Standard 
MIL-STD- 810, method 513.1, procedure II as a guide. 

4.2.3.2 Launch 

n Exposure to 6 ± l/2g in the + X CM, the ♦ and - Z CM and either 
the ♦ or - Y- CM axes, as shown in Figure 4-6, for 5 minutes minimum 
per axis. 

4.2.3.3 Entry and Abort 

Exposure to accelerations of 20 ± lg for 5 minutes minimum along 
the entry axis^approximately 33 from thrust axis), + XNB (see Figure 
4-6) and in each plus and minus direction of 2 orthogonal axes. 

4.2.3.4 Entry Nominal 

Exposure to accelerations of 10 ± lg for 5 minutes minimum along 
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the entry axis (approximately 33° from the thrust axis) +XNB (see Figure 
4-6). 

4.2.3.5 LEM 

Exposure to 8g steady state acceleration shall be applied for 5 
minutes in the ± direction in each of 3 orthogonal axes* one of which shall 
be the + XLEM axis as shown in Figure 4-7. 

4.2.4 Climatics 

4.2.4.1 General 

Unless otherwise specified the temperature and pressure 
tolerances are ± 5°F and ±0.5 psia. The rate of temperature change 
shall not exceed 30°F per minute and the rate of pressure change shall 
not exceed 5 psia per minute. The temperature shall be chamber air 
ambient temperature unless otherwise specified. 

4.2.4.2 Ground High and Low Temperature Design Limits 

The test profile is shown in Figure 4-8 "Ground Temperature 
Design Limit Profile" and is explained as follows: 

a. 24 hours minimum at - 20°F 

b. raise temperature to + 5°F in one hour. 

c. stabilize at + 5°F for 4 hours. 

d. maintain + 5°F for duration of functional check. 

e. raise the temperature from + 5°F to + 140 F + 0- 5 Fin2 
hours. 

f. maintain 140 F + 0 - 5°F for 24 hours. 

g. reduce the temperature to 10 7 F ine one hour and stabilize at 
107°F for 4 hours. 

h. maintain 107°F for duration of functional check. 

4.2.4.3 Thermal Vacuum CM Design Limit Test 

The thermal vacuum conditions are shown in Figure 4-9 "CM 
Thermal Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not 
include the time required to attain that environment. The test sequence 
may be interrupted between lettered steps to facilitate scheduling 
problems, etc., however, it is desired to complete the total cycle once it 
has been initiated. 

a. 24 hours minimum at 75°F and 5.00 ± 0. 25 psia. 

b. ' At 5.00 ± 0.25 psia, raise the air temperature from 75 F to 

lOO^F in 4.0 hours maximum. 0 

c. At 5.00 ± 0.25 psia, raise the air temperature from 100 F to 
150°^ in 20±2 minutes. Hold at 150 F for 20±2 minutes and 
then decrease the temperature to.l00°F in 20 ± 2 minutes. 

d. Reduce the pressure to 1 X 10"* ± 15 percent mm Hg at 
100°F wall temperature and maintain for 50 hours minimum. 

e. Raise the pressure to 5.00 ± 0.25 psia and reduce the air 
temperature to 20°F and maintain for 4 hours minimum. 
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f. Reduce the pressure to 1 X 10 ^ ± 15 percent mm Hg at 
20°F wall temperature and maintain for 50 hours minimum. 

g. Raise the pressure to 5.00 ±0.25 psia and the air temperature 
to 75 r and maintain for 4 hours. 

h. Establish room ambient pressure and temperature. 


Space conditions which may occur simultaneously with 
the above are shown by dashed lines in Figures 4-9 and are 
described as follows: 


1. Cold wall at - 3W> +0 - 20°F. 

j. Pressure of 10 ± 15 mm Hg. 

k. Solar radiations at one solar constant for a total of 12 hours 
in 4 hour increments. 


Each 4 hour increment of solar radiation shall preferably 
occur at the time indicated in Figure 4-9. However, at a 
minimum, one exposure shall be during the CM conditions of 
5 psia and 75°F, one during the 10 mm ^8 a t 1®® ^ 
and one during the 10 mm Hg and 20 F wall. Test inter¬ 
ruptions are permitted for carbon rod replacement. This 
time shall not be considered as a part of the 4 hour increment. 
Standard MIL-STD-810method 517.l"Low Pressure - Solar 
Energy” shall be used as a guide for this test. 


4.2.4.4 Thermal Vacuum and Climatic, CM Nominal Limit Test 


The thermal vacuum and climatic condition are shown in Figure 
4-10 and are described herein. Unless otherwise indicated the time of 
exposure to an environment does not include the time required to attain 
that environment. The test sequence may be interrupted between lettered 
steps to facilitate scheduling, changing chambers, etc., however, the test 
sequence shall be maintained. 


a. 24 hours minimum at 75°F at 14.7 psia with 95 ± 5% pure 

dry oxygen atmosphere, c 

b. 24 hours minimum at 85 _q Fat 5±0.25 psia with 95±5 % pure 

c. 2?hours minimum at 65 ^5°F at 5 ± 0.25 psia with 95 ± 5% 

pure dry oxygen. ^ 

d. 48 hours minimum at 75°F at 5 ± 0.25 psia with 95 ± 5% 
pure oxygen. A one percent by weight salt spray solution fog 
shall be intermittently imposed on the equipment, 6 hours on 
and 6 hours off. Standard MIL-STD-810 method 509.1 shall 
be used as a guide. 

e. 120 hours at 40 percent minimum relative humidity in ac¬ 
cordance with Figure 4-10. The pressure shall be maintained 
at 5 ± 2 psia 95 ± 5 oxygen^ The temperature may be 
uncontrolled between 75 and 85 F. 

f. 100 hours minimimi at 75°FwaU temperature and a pressure 
between 1 X 10 and 1X 10 mm Hg. » 

g. 100 hours at -300+0-20°F cold wall at 1 X 10 ±15 mm Hg. 
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During this exposure the equipment shall be subjected to 
solar radiation at one solar constant for a total of 10 hours in 
2 hour increments. The 5 two hour solar exposures shall be 
spaced throughout the total exposure, ideally as shown in 
Figure 4-10. Test interruptions are permitted for carbon 
rod replacement. This time shall not be considered as a 
part of the 2 hour increment. Standard MIL-STD-810, method 
517.1 shall be used as a guide for this test. 


4.2.4.5 Thermal Vacuum CM Overstress Test 

The thermal vacuum conditions shall be those of section 4.2.4.3 
step a through d and i through k as modified as follows. 


a. 2 hours minimum rather than 24. 

b. No change. 0 a-, 

c. Maximum temperature shall be 200 F rather than 150 F. 

d. Wall temperature shall be 120 F rather than 100 F and 
exposure time shall be 24 hours. 

Space conditions which occur simultaneously with d. 
above are described as follows: 

i. No change. 

j. No change. 

k. Solar radiation of one solar constant for one four hour 
exposure during the 24 hour exposure. 

4.2.4.6 Thermal Vacuum LEM Design Limit Test 

The thermal vacuum conditions are shown in Figure 4-11 "LEM 
Thermal-Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not 
include the time required to attain that environment. The test sequence 
may be interrupted between lettered steps to facilitate scheduling 
problems, etc., however, it is desired to complete the total cycle once it 
has been initiated. 




b. 


c. 


d. 

e. 


24 hours minimum at 75°F and 5,8 psia. Q 

At 5.8 psia, raise the air temperature from 75 F to 160 F in 
2 hour8 maximum, Maintain 160 F and 5.8 psia for 4 ± 0.1 
hours. -5 

While at these conditions reduce the pressure to 1 x 10 
mm Hg, or as close to this goal as possible, (within limits of 
the outgassing characteristics of the tested equipment and 
chamber capabilities),and maintain for 8.0 ±0.1 hour 
(pumping time to reach the vacuum condition included in the 
8 hours). The wall temperature shall be maintained at + 
160°F. 

Raise the pressure to 5.8 psia and reduce the temperature to 
100°F and maintain for 12 ± 0.1 Jiours. 

Reduce the pressure to 1 X 10 mm Hg or as close to tljis 
goal as possible, while holding the wall temperature at 100 F 
and maintain for 12 ± 0.1 hours including pumping time. 


V' 
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f. Raise the pressure to 5.8 ± 0.5 psia and reduce the 
temperature to 0±5°F and maintain for 4.0±0.1 hours. 

g. Reduce the pressure to 1 X 10~ 'mm Hg, or as close to this*— 
goal as possible, while holding the wall temperature to 0±5 F 
and maintain for 12.0 ±0.1 hours including pumping time. 

h. Raise the pressure to 5.8 psia and raise the temperature to 
+ 20°F and maintain for 12.0 ± Q.l hours. 

i. t Reduce the pressure to 1 xio" ' mm Hg or as close to this- 

goal as possible holding the wall temperature at + 20°F and 
maintain for 12.0 ±0.1 hours including pumping time. 

j. Raise the pressure to 5.8 psia and the temperature to 75°F 
and maintain for 24 hours minimum, except at two points the 
Blow Down and Repressure cycle as shown in Figure 4-11 
shall be conducted. Each Blow Down and Repressure shall 
consist of reducing the pressure from 5.8 ± 0.5 psia to 0.1 + 
0±0.05 psia in 5_minutes maximum, followed by a further 

reduction to 1 xo mm Hg in 4.0 hours maximum, and then- 

repressure to 5.8 psia in 60 +0 -10 seconds. 

Space conditions external to the LEM pressure hull are shown 
by dashed lines in Figures 4-11 and are described herein. 

k. Cold wall at -300 +Q -20°F, 125 hours minimum. 

l. Pressure of IX l(T ' (minimum) to IX 10~ u (goal) mm Hg —- 
for 125 hours minimum. 

m. Solar radiation at one solar constant for a total of 16 hours in 
• 4 hour increments. Each 4 hour increment shall preferably 

occur at the times indicated in Figure 4-11. Test inter¬ 
ruptions are permitted for carbon rod replacement. This 
time shall not be considered as a part of the 4 hour increment. 

For equipment that receives simultaneous exposures, at a 
minimum one exposure shall occur during LEM conditions at 
160°F, one during the +100°F, one during the 0°F and one 
during the 20°F, otherwise the solar exposures shall be 
separated by 8 hours of cold wall exposure. Standard MIL- 
STD-810 Method 517.1 "Low Pressure - Solar Energy" shall 
be used as a guide for this test. 

4.2.4.7 LEM Thermal-Vacuum Overstress Test 


The thermal vacuum conditions shall be those described in section 
4.2.4.6 steps b through i and k through m except each step listed below 
shall be modified as indicated. 

b. Air temperature shall be 180°F. 

c. Wall temperature shall be 180°F. 

d. Air temperature shall be 120°F. 

e. . Wall temperature shall be 120°F. 

f. Air temperature shall be - 25°F. 

g. Wall temperature shall be - 25°F. 

h. Air temperature shall be 0°F. 

i. Wall temperature shall be 0°F. 

k. No change except time shall be duration of steps b through j. 

L No change except time shall be duration of steps b through j. 

, m. Solar radiation shall be two 4 hour exposures one each during 
the + 180°F and the + 1 - 




u r exposures. 
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4.2.4.8 Oxygen, Overpressure, Temperature 

The overpressure oxygen environmental conditions at elevated 
temperatures are described herein, 

a. The equipment shall be exposed to an atmosphere of 95 ± 
pure oxygen at a pressure 21 psiaand a temperature of 75 F 
for a duration of 2 hours minimum, 

b. The pressure of the 95 ± 5 oxygen atmosphere shall be 

lowered to 14,7 psia at 75 F and maintained for 12 i 0,1 
hours, 0 

c. The temperature shall be raised to 105 F and the oxygen 
atmosphere maintained at 14,7 psia for a duration of 12 hours 
minimum, 

4,2.4,9 Humidity, Temperature 

The humidity environment shall be five 24 hour humidity cycles in 
accordance with method 507.1 of Standard MIL»“STD“810 except the 
maximum temperature shall be 120 F. The temperature shall be raised 
from 70°F to 120°F in 2 hours, 120°F shall be maintained for 6 hoi^s 
minimum and then the temperature shall be gradually reduced to 70 F 
over the next 16 hours, 

4.2.5 Explosion 

The explosion test shall be conducted in accordance with method 
511.1, procedure I of Standard MIL-STD-810 with the follgwing except 
the maximum chamber temperature shall be limited to 120 F, 

4.2.6 EMI (Electromagnetic Interference) 

The EMI level and susceptibility of the GAN equipment shall be 
determined as specified in MIL-I-26600 and MSC-ASPO-EMI - 10A, 
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PREPARATION FOR DELIVERY 

This section is not applicable to this specification* 
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6. NOTES 

6.1 Definitions 

6.1.1 Operational Cycle 

The total operational time under all conditions and nonoperational 
time under ground environmental conditions which a normal G&N system 
will experience; beginning with the completion of selloff in the System 
Assembly Test (SAT) area and continuing through the flight mission. 
The operational cycle specified within this document simulates the above 
conditions. 

6.1.2 Mission Cycle 

The total time under operational and nonoperational equipment 
modes that the G&N system will experience from prelaunch checkout, 
and through all flight environments to earth landing. The mission cycle 
specified within this document simulates the above conditions. 

6.1.3 Design Limit 

The environmental exposure extremes which the equipment has 
been designed to withstand. 

6.1.4 Nominal Limit 

The environmental exposures that the equipment will encounter 
during its life excluding emergency and abort flight conditions and 
uncontrolled ground conditions. 

6.1.5 Detailed Test Plan 

The plan to which a test will be conducted. The plan shall show what 
will be tested, how it will be tested, the test schedule, the performance 
parameters and tolerances, and all information necessary to evaluate the 
proposed test. The detailed test procedures which are to be a step-by- step 
operating procedure will be a separate document unless otherwise 
specified. . 

6.2 Notices 

When Apollo G&N drawings, specifications, or other data are used 
for any purpose other than in connection with a definitely related NASA 
procurement operation, NASA thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that NASA may have formulated, 
furnished, or in any way supplied the said drawings, specification, or 
other data is not to be regarded by implication or otherwise as in any 
manner licensing the holder or any other person or corporation, or 
conveying any rights or permission to manufacture, use, or sell any 
patented invention that may in any way be related thereto. 
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1. SCOPE 

1.1 General 

It is the purpose of this document to establish the requirements and 
tests for demonstrating the qualification status of the Apollo Guidance and 
Navigation System design and production for the earth orbital and ultimate 
lunar rendezvous-landing mission, and the degree of testing which must 
be satisfactorily accomplished during each phase of development 
consistent with the constraints of earlier flight missions. 

1.2 Environmental Conditions 

The environmental conditions and stress levels herein bear a direct 
relationship to specifications describing spacecraft conditions. Varying 
equipment locations and mounting provisions have been taken into 
consideration. Transportation, handling, and storage conditions occur¬ 
ring during the normal life cycle of the equipment have been studied and 
utilized to modify the tests appropriately either by stress level or duration 
of application to optimize the simulation. The profiles within this 
specification encompass these nonflight conditions but are identified by 
the maximum level of each environmental exposure. Combination of 
environments, particularly climatic tests, have been specified where 
facility considerations permit. 

1.3 Qualification Criteria 

The qualification of the Apollo Guidance and Navigation System 
shall be accomplished by a succession of tests in accordance with 
specification at the part, subassembly, subsystem, and system level. 
Attainment of full qualification status is subject to satisfactory completion 
of specified tests as outlined below: 

1) Systems: One operational cycle followed by one mission cycle, 
both of which shall be conducted at nominal limits. 

2) Subsystems: One operational cycle at design limits. 

3) Subassemblies: One operational cycle at design limits. 

4) Parts: Specification requirements followed by life and/or 
endurance as applicable. 



Apollo G&N Specification 
ND 1002037 

1.4 Test Plans and Procedures 

Detailed test plans shall be prepared by the responsible contractor 
for each item subjected to qualification testing. The detailed test plan 
(other than parts) shall be submitted to MIT/IL and NASA/MSC for ap¬ 
proval at least 30 days prior to the scheduled start of the test. Information 
copies shall be forwarded by MIT/IL to NASA/MSC and the TEB (Test 
Review Board) members. Review shall be accomplished and comments 
submitted for consideration at the next scheduled TRB meeting for final 
resolution and approval. The detailed test procedures shall be submitted 
tothe TRB prior to the start of test, and shall be submitted to NASA upon 
request. (Detailed procedures shall form an integral part of the test plan 
for the part qualification program.) 
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2. APPLICABLE DOCUMENTS 
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2.1 Effective Issues 

The following documents shall form a part of this specification to 
the extent specified herein. Unless otherwise specified, the issue in effect 
on the date of this specification shall apply. 
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3. REQUIREMENTS 

3.1 General 

This section establishes the qualification test requirements for all 
Apollo G&N equipment; systems, subsystems, subassemblies, and parts. 
Qualification tests shall consist of exposure of production hardware to 
the specified environmental conditions to assure that it shall meet the 
design requirements and perform its intended mission function. During 
the environmental exposures the equipment shall be operative or non¬ 
operative, depending on its condition during actual mission encountered 
environments. Both natural and induced environments are included in 
the test programs. The hardware subjected to qualification tests shall be 
manufactured with same tooling, processes, quality control procedures 
and be representative of the same design as for normal production units 
destined for flight equipment. Each item to be tested and its qualification 
status shall be listed in the QSL (Qualification Status List) ND 1002034. 

3.1.1 Prior Compliance 

The Apollo G&N Equipment shall have successfully met all 
requirements of the applicable inspection and acceptance test 
requirements as delineated in the SCD (Specification Control Drawing), 
PS (Purchase Specification), or FTM (Final Test Method) prior to being 
submitted for qualification testing as defined in this specification. Data 
from the inspection and acceptance shall be recorded and shall form a 
part of the qualification test data. 

3.1.2 Atmospheric Conditions 

Unless otherwise specified, tests shall be performed at room 
ambient atmospheric pressure, a temperature of 78±10°F., and a relative 
humidity of 80 percent maximum. 
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3.1.3 Instrumentation and Data 

Instrumentation and data acquisition equipment shall be used to 
assure a sufficient data record of the environmental parameters control¬ 
led, and of the test article parameters critical to end item performance. 
Additional parameters may be recorded as secondary data to assist in 
failure isolation, evaluation information, etc., at the discretion of the 
testing activity. Special care shall be taken to provide signal isolation 
and prevent circuit loading such that the data acquisition system has a 
minimum effect on equipment performance. 

3.1.4 Failures 

A failure occurs when the equipment under test is unable to perform 
its intended function within specified tolerances. Any failure shall be 
cause for corrective action and shall be completely documented and 
reported utilizing the Apollo G&N failure reporting system. Formal 
qualification testing of the failed item shall be discontinued until the 
failure is resolved. Unless otherwise directed, when corrective action 
has been accomplished the test item shall be resubjected to the test phase 
where the failure occurred and the test sequence continued from that 
point. Changes in the absolute value of critical parameters will require 
individual evaluation prior to re-establishing a new measurement base. 
If, while the test item is being resubjected to a test phase, a totally 
unrelated failure occurs it shall be reported, evaluated, and the proper 
corrective action accomplished, but it shall not be considered a 
qualification failure, and therefore testing shall be continued from that 
point. At any point in the test program, where corrective action results 
in replacement of a component, this component shall be considered 
qualified by similarity in all previous environmental exposures, unless 
failure analysis proves otherwise. If there is repeated failure, 
malfunction, or out-of-tolerance performance in a given environment, 
this shall be recorded, analysis performed, and the equipment repaired 
and rechecked and then subjected to the next scheduled environment 
pending Test Review Board action. All failures shall be subject for 
review at the monthly Test Review Board meetings. 
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3.1.4.1 Failure of Test Facility 

If the test facility fails, the equipment under test shall be rechecked 
and the test continued in a manner in which the test facility malfunction 
will result in a minimum effect upon the qualification of the equipment 
under test. Component failures induced by test facility failure shall be 
recorded, analyzed, and the component repaired, but shall not be 
considered relevant to G&N equipment qualification. 

3.1.5 Reporting 

Status, Interim where applicable, and Final Reports are required 
for all qualification tests conducted. The status report shall be submitted 
monthly in accordance with the requirements established at the Test 
Review Board. Interim reports are required for long duration test 
programs and shall note significant events, milestone accomplishments, 
and summarize test progress. For system and subsystem qualification 
tests, interim reports are required at approximately monthly intervals, 
and will be the subject of Test Review Board discussion. Final reports 
are required for each G&N part and equipment tested. Final reports 
shall be submitted to MIT/IL and NASA/MSC within 45 days following 
completion of the total test effort and at a minimum must include: 

a. Test plan and procedure or a reference to this document 

b. Deviations from plan if any 

c. Acceptance data 

d. Photos, diagrams, description, etc., of test articles and 

setups where significant or unique 

e. Summary of failures and corrective action 

f. Test results 

g. Test data and analyses 

h. Conclusions 
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3.2 Systems 

3.2.1 General 

The total G&N system will be subjected to the qualification program 
as described within this section. One Block 1-100 series and one Block 
II G&N System shall undergo nominal limit cycle qualification testing. 
System qualification shall consist of exposure of the entire G&N system, 
interconnected and functioning, to a series of environmental conditions 
simulating those encountered during its operational life. Successful 
completion of a nominal limit operational cycle followed by a nominal 
limit mission cycle shall be required for qualification. In general, the 
ground environments encountered during operational life are less severe 
than the mission environments, and therefore the nominal limit cycle 
primarily includes mission level environments. 

3.2.l.t Equipment 

The G&N equipment to be used for qualification testing shall undergo 
all acceptance testing and shall have been accepted by NASA as being 
representative of the production hardware, 

3.2.1.1.1 Block I (Series 100) Equipment 

The G&N Block I (Series 100) system shall be comprised of the 
following equipment: 

a. Inertial Measurement Unit (IMU) 

b. Power and Servo Assembly (PSA) 

c. Apollo Guidance Computer Group 

d. Coupling Display Unit (CDU) 

e. CDU Panel Assembly 

f. CDU Frame Assembly 

g. Optics Shroud Assembly 

h. IMU Control Panel Assembly 

i. . D&C Electronics Assembly 

j. Control Electronics Assembly 
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k. 

l . 

m. 

n. 

o. 
P. 

q. 


G&N Indicator, Control Panel Assembly 
Harness and End Connector Assembly 
Optics Unit Assembly (OUA) 

Navigation Base 

Star Scanner Electronics 

Signal Conditioner 

Bellows - Sextant and Scanning Telescope 


3.2.1.1.2 Block II Equipment 


To be supplied at a later date. 


3.2.1.2 Nominal Limit Cycle Test 


The following conditions comprise the two nominal limit cycles. 
Test conditions a. through d. comprise the nominal limit operational 
cycle, and test conditions e. through g. comprise the nominal level mission 
cycle. 


a. 

b. 


c. 

d. 


f. 


g- 


EMI (Electromagnetic Interference) 

Launch Vibration 

Launch and Entry Nominal Acceleration 
Cabin Atmosphere (Thermal-vacuum and Climatic) 
Temperature 
Oxygen 
Salt 

Humidity 

Vacuum 

Launch Vibration 

Cabin Atmosphere 

Entry Nominal Acceleration 


3.2.1.3 Test Sequence 


The test sequence shall beta the order listed in paragraph 3.2.1.2 
with the following variations permitted. 
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a. EMI may be conducted at any point in the nominal limit 
operational cycle. 

b. The vibration and acceleration environment beginning toe 
operational cycle may be interchanged. 

3.2.1.4 Examination of Equipment 

The GAN system shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure. 

3.2.1.5 Test Conditions 

The input excitation and output loading of the GAN system shall be 
in accordance with the applicable FTM. Cold plates shall be utilized per 
normal CM equipment installation and the coolant temperature and flow 
rate shall be in accordance with the applicable FTM, provided the interface 
temperature of the equipment under test does not exceed the maximum 
allowable specified on the ICD (Interface Control Document). 

3.2.1.6 Performance 

Unless otherwise specified in the test plan, the GAN system shall 
meet the requirements of the applicable FTM before, during where 
specified, and after exposure to each environment. 

3.2.1.7 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 

3.2.2 Block I 100 

One Block I 100 GAN system shall be subjected to the nominal 
limit cycle qualification test as outlined in paragraph 3.2.1.2 and as 
detailed herein. 
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3.2.2.1 EMI 

The G&N system shall be subjected to the EMI test of paragraph 
4.2.6. During this test the equipment shall be operational in all equipment 
modes and exercised as completely as possible. Out-of-tolerance 
conditions shall be recorded and considered by the Test Review Board. 
Modification shall be made only after an incompatibility with other 
systems and other CM equipment is found. 

3.2.2.2 Launch Vibration 

The G&N system shall be subjected to the launch vibration profiles 
as follows: 

Equipment Test 

a. N/B isolator mounted. per para. 4.2.1.1 and 

with bellows, OUA less 4.2.1.2 along 3 orthogonal 

eyepieces and IMU N/B axes 

normally mounted. 

b. Remaining G&N per para. 4.2.1.1 and 

Equipment 4.2.1.3 along 3 CM. panel 

or other convenient axes. 

per para. 4.2.1.1 and 

4.2.1.2 along 3 orthogonal 
axes, one of which shall 
be perpendicular to the 
mounting plane. 

The equipment exposed to the same vibration profile may undergo the 
test in a single group, or each component may be exposed individually, 
with the exception of paragraph 3.2.2.2a which shall be tested as a single 
group. In either case the system shall be interconnected and functioning 
normally. During the vibration exposure all equipment shall be operated 
except the OUA. Normal system interface conditions shall be present 


c. Eyepieces, normal 
flight storage 
configuration 
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even though the equipment is not operational during the exposure. The 
equipment under test other than the OUA shall be exercised and 
functionally checked as thoroughly as possible during the exposure. 
Recording instrumentation shall be provided where applicable to monitor 
system performance. 

3.2.2.3 Launch Acceleration 

The G&N system shall be subjected to the launch acceleration test 
as specified in paragraphs 4.2.3.1 and 4.2.3.2. The entire G&N System 
may be exposed to the environment at one time, or individual components 
may be exposed individually. If components are exposed individually, the 
system shall be interconnected and functioning normally to the extent 
possible within the limits of the centrifuge facility. During the ac¬ 
celeration exposure all equipment shall be operated except the OUA* 
Optics eyepieces shall be in a normal flight stowed configuration during 
this test. Normal system interface conditions shall be present even 
though the equipment is not operational during the exposure. The 
equipment under test, other than the OUA, shall be exercised and 
functionally checked as thoroughly as possible during the exposure. 
Recording instrumentation shall be provided where applicable to monitor 
system performance. 

3.2.2.4 Thermal Vacuum and Climatic (Cabin Atmosphere) 

The G&N System shall be exposed to the thermal vacuum and 
climatic CM nominal limit test, as described in paragraphs 4.2.4.1 and 
4.2.4.4. Throughout the test, the system shall be interconnected and 
operational, except for 2 hours out of each 24 hour period when all 
power (except that required for normal heat, suspension, etc.) shall be 
off. During each of the following environments the system shall be 
functionally checked to the greatest extent possible within the limits 
imposed by chamber confinement. 

a. Dry Oxygen 

b. Salt Spray 

c. Humidity (Nominal) 

d. Thermal Vacuum 
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During the environmental steps a. through f. of paragraph 4.2.4.4 
for equipment that penetrates the CM pressure hull (OUA and bellows), 
the external portions shall be maintained at the same pressure and 
temperature as the internal CM portions of the equipment. The portions 
of this equipment that are normally exposed to space conditions shall not 
be exposed to the climatic environmental conditions of salt and humidity. 
Prior to initiation of the test sequence the OUA shall be purged with dry 
nitrogen. Step g. of paragraph 4.2.4.4 shall be conducted on the space 
exposed portions of the OUA while maintaining the CM portions of the 
OUA at room ambient conditions. 

3.2.2.5 Entry Nominal Acceleration 

The GAN equipment shall be subjected to the entry acceleration as 
specified in paragraphs 4.2.3.1 and 4.2.3.4. The same conditions as 
specified in paragraph 3.2.2.3 otherwise apply. 

3.2.3 Block n 

To be supplied at a later date. 

3.2.4 LEM 
Not inquired. 


*« 
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3.3 Subsystem 

3.3.1 General 


The subsystems of the G&N equipment will be subjected to the 
qualification tests as described within this section. One Block I (Series 
100) and one LEM System shall undergo these tests at the subsystem 
level. Qualification shall consist of exposure of each subsystem of the 
G&N equipment to one operational cycle at the design limit environmental 
conditions that may be encountered at any point during equipment life, 
including emergency and abort flight phases. Ground environments are 
included where these are more severe than flight levels. These levels 
are the extremes to which the equipment has been designed and this test 
program will therefore demonstrate that the G&N hardware will function 
during, where applicable, and following design limit environmental 
exposure. Successful completion of one operational cycle at these levels 
shall be required for qualification. 

3.3.1.1 Overstress 


Following the one operational cycle at design limits, the equipment 
shall be subjected to selected over stress conditions. These tests shall 
be conducted to determine the G&N equipment design margin of safety 
with respect to critical environmental conditions. The over stress tests 
defined herein shall not be used as criteria to qualify or disqualify the 
G&N equipment, and may result in permanent degradation or failure. 
These tests shall be conducted in ascending order of severity, such that 
maximum usable data are derived from the program. In addition to 
overstress environmental conditions, overstresses resulting from out" 
of-tolerance cold plate conditions shall also be investigated. 

3.3.1.2 Equipment 


For the purposes of this document the G&N subsystem and 
components thereof are defined according to manufacturer: 
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3.3.1.2.1 CM Equipment Block 1 (Series 100) 

L Inertial Sub Subsystem (ISS) 

a. Inertial Measurement Unit (IMU) 

b. Power Servo Assembly (PSA) 

c. Star Scanner Electronics 

d. Display and Control Hardware Group (D&C) 

e. Navigation Base (N/B) Assembly 

f. Coupling Display Units (CDU) 

g. Signal Conditioner 

H. Apollo Guidance Computer Group « 

a. Apollo Guidance Computer (AGC) 

b. Display and Keyboards (DSKY's) 

HI. Optical Subsystem (OSS) 

a. Optical Unit Assembly (OUA) 

3.3.1.2.2 LEM Equipment 
To be supplied later. 

3.3.1.3 Design Limit Cycle Test 

The following conditions comprise one design limit operational 

cycle. 

L Special Environments 

a. EMI (AGC and DSKY's only) 

H. Dynamic Environments 

a. Vibration 

b. Flight Shock 

c. Acceleration 
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III. Climatic Environments 

d. Ground Temperature 

e. Thermal Vacuum 

f. Oxygen - overpressure and temperature 

g. Humidity 

h. Explosi o n 1 2 (Requirement Deleted Rev B) 

IV. Dynamic Environments 

i m . Ylbrnfiof? (Requirement Deleted Rev B) 

J. Earth Landing Shocks* 

3.3.1.4 Overstress Tests 

Following qualification, the GAN equipment shall be subjected to 
overstress tests in the following critical environments, 

a. ? Vibration t 

b. flliud r (Requirement Deleted Rev B) 

c. Thermal Vacuum 

d- Thermal Induced Failures (cold plate out-of-tolerance 
conditions) 

3.3.1.5 Test Sequence 

The preferred qualification and overstress test sequence is shown 
in paragraphs 3.3.1.3 and 3.3.1.4 and Figure 3-1. Variations in the test 
sequence are permitted to facilitate chamber scheduling, personnel, etc., 
provided that: 

1. EMI, where specified, may be conducted anywhere in the 
operational cycle. 

2. The dynamic environments, steps a. throught c., precede the 
climatic tests. 

*To be conducted following the over stress test if operational GAN 
hardware is utilized. This test may be performed utilizing simulated 
hardware, i.e., dummy components of a weight, center of gravity, and 
external mounting configuration identical to the actual GAN equipment. 
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3. Earth landing shock, if conducted on operational G&N 
equipment, be conducted following the completion of the 
overstress test. (If simulated hardware is utilized for this 
test, it may be conducted at any point during the qualification 
operational cycle.) 

3.3.1.6 Examination of Product 

The G&N subsystems shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure. 

3.3.1.7 Test Conditions 

The required interface conditions, between the G&N subsystem or 
components thereof under test, and other G&N or CM equipment shall be 
provided or simulated to the extent practicable during test. The test item 
may be exercised using simulated airborne equipment or ground support 
items; other parts-of the same subsystem may be interconnected for 
function or operational checks. Power input to the test item shall be in 
accordance with the applicable PS (Procurement Specification) or FTM 
(Final Test Method). Unless otherwise specified, heat sinks and other 
thermal controls shall also be in accordance with the applicable PS or 
FTM provided the interface temperature of the equipment under test does 
not exceed the maximum allowable on the ICD (Interface Control 
Document). 

3.3.1.8 Performance 

Unless otherwise specified in the test plan, the G&N equipment 
shall meet the requirements of the applicable PS or FTM before, during 
where specified, and following each environmental exposure. The 
operational status of each test item during the environmental exposures 
is shown in Figure 3-1 for Block I (Series 100) equipment. 

3.3.1.9 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 
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3.3.2 Block I (Series 100) 

One Block I (Series 100) set of G&N equipment shall be subjected 
to the qualification design limit operational cycle and the over stress tests 
as outlined in paragraphs 3.3.1.3, 3.3.1.4, Figure 3-1, and as detailed 
herein. 

3.3.2.1 EMI 

The Apollo Guidance Computer Group shall be subjected to the 
EMI test of paragraph 4.2.6 as indicated in Figure 3-1. During this test 
the equipment shall be operational and exercised as completely as 
possible. Out-of- tolerance conditions shall be recorded and considered 
by the Test Review Board. Modifications shall be made only after 
incompatability with the other subsystems or other CM equipment is 
found. 

3.3.2.2 Vibration. Launch * 

The G&N equipment shall be subject to the launch vibration 
exposures of paragraphs 4.2.1.1, and 4.2.1.2, 4.2.1.3, or 4.2.1.7 as 
indicated in Figure 3-1. The OUA eyepieces shall be in a normal flight 
stowage configuration (the vibration of paragraph 4.2.1.2 shall apply). 
The vibration shall be applied along each of three orthogonal axes; the 
N/B test shall be along N/B axes, and all other equipment shall be 
vibrated along the CM axes, panel axes, or other convenient test axes. 
The opei tional equipment shall be exercised and functionally checked 
as thoroughly as possible during the exposure. Recording instrumentation 
shall be provided where applicable to monitor equipment performance. 

3.3.2.3 Vibration - Launch Abort 

The G&N equipment shall be subjected to the launch abort vibration 
exposures of paragraph 4.2.1.4 or 4.2.1.5 as indicated in Figure 3-1. 
All other conditions of paragraph 3.3.2.2 shall otherwise apply. The 
N/B isolation system shall be preloaded with a force equivalent to 20g 
along the -X^ axis. 
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3.3.2.4 Shock, Flight 

The G&N equipment shall be subjected to the flight shock test of 
paragraph 4.2.2.2 as indicated in Figure 3-1. The equipment shall be 
subjected to one shock along each plus and minus direction of each of 
three orthogonal axes (6 shocks). 

3.3.2.5 Acceleration 

The G&N equipment shall be subjected to either the launch or entry 
acceleration of paragraph 4.2.3.2 or 4.2.3.3 as indicated in Figure 3-1. 

The OUA eyepieces shall be in a normal flight stowage configuration 
during this exposure. The operational G&N equipment shall be exercised 
and functionally tested to the greatest extent possible within the limit of 
the centrifuge facility. Recording instrumentation shall be provided 
where applicable to monitor equipment performance. 

3.3.2.6 Ground Temperature 

The G&N equipment shall be subjected to the ground high and low 
temperature test of paragraph 4.2.4.2 as indicated in IFigs 3-1. The 
equipment shall be operated during the periods indicated. During the 
operational periods of the cycle, the equipment shall be functionally 
checked in accordance with the applicable FTM within the limits imposed 
by the confines of the chamber and operational time limit. During the 
nonoperational storage temperature conditions all coolant and power 
(except that required for the normal heat, suspension, etc.) shall be off. 

During the storage temperature tests, auxiliary means may be used to 
maintain the IMU platform temperature. (This includes using the coolant 
temperature control. These auxiliary means may be used until stability 
in the operational mode has been established.) 

3.3.2.7 Thermal-Vacuum 



The G&N equipment shall be subjected to the thermal-vacuum 
conditions of paragraph 4.2.4.3 as indicated in -Fig.- 3-1. During the 
environmental exposure the equipment shall be exercised as completely 
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as possible, and checked in accord with the applicable FTM within the 
limits imposed by chamber confinement. If the test sequence is inter¬ 
rupted the equipment shall be functionally checked before the sequence is 
reinitiated. During the test sequence the portions of the OUA normally 
exposed to space conditions shall be simultaneously exposed to the 
conditions of i through k, while the portions internal to the CM undergoes 
the conditions of steps a through h of paragraph 4.2.4.3. 

3.3.2.8 Oxygen, Overpressure and Temperature 

The GAN equipment shall be subjected to the oxygen overpressure 
and temperature test of paragraph 4.2.4.8 as indicated in Eig£ 3-1. All 
equipment shall be exercised as thoroughly as possible during this 
exposure. 

3.3.2.9 Humidity 

The G&N equipment shall be subjected to the humidity test of 
paragraph 4.2.4.9 as indicated in Table 3-1. During the test all equipment 
shall be exercised as thoroughly as possible except during the portion of 
each cycle where the temperature is above 100°F. During the portion of 
each cycle when the ambient temperature is above 100°F, the equipment 
shall be off, except for coolant flow and power required for normal heat* 
suspension, etc. The optics covers shall be in place during this test and 
the OUA shall be initially purged with dry nitrogen. Optics eyepieces 
will be heated during the test. 

3.3.2.10 Explosion 

(Requirement deleted: see paragraph 4.2.5) 

3.3.2.11 Earth landing Shock 

The G&N equipment shall be subjected to the Earth Landing Shock 
test of paragraph 4.2.2.5 as indicated in Figure 3-1. There shall be no 
separation of any mounting point and no complete physical separation of 
equipment components or parts external to any unit which is mounted to 
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the CM primary or secondary structure. Bending and distortion shall be 
permitted. Functional integrity need not be maintained. 

y 

3.3.2.12 Overstress, Vibration 

The G&N equipment shall be subjected to the overstress vibration 
conditions as indicated in Figure 3-1. All other conditions of paragraph 
3.3.2.2 shall apply. As this test is not a requirement of qualification, 
degraded performance shall not constitute reason for discontinuance of 
the test: however, all out-of-tolerance conditions shall be reported. 

3.3.2.13 Overstress, Shock 

(Requirement deleted. Additional vibration overstress level added as a 
substitute for shock overstress in Rev. B.) 

3.3.2.14 Overstress, Thermal-Vacuum 

The G&N equipment shall be subjected to the overstress thermal- 
vacuum environmental conditions of paragraph 4.2.4.5 as indicated in 
Figure 3-1. All other conditions of paragraph 3.3.2.7 shall apply. As 
thi s test is not a requirement for qualification, degraded performance 
shall not constitute reason for discontinuance of the test; however, all 
out-of-tolerance conditions shall be reported. 

3.3.2.15 Induced Failure Overstress, 

Cold Plate Out-of-Tolerance Conditions 

The G&N equipment indicated in Figure 3-1 shall be subjected to 
the induced failure overstress conditions described herein. The 
' equipment shall be normally mounted on the CM or simulated cold plates. 
Ambient air conditions of 75° ± 5°F and 5 psia shall be maintained during 
the tests. The equipment shall be operated and exercised in a mode that 
maximizes heat dissipation. Temperature recording instrumentation 
shall be utilized to monitor cold plate and critical equipment temperatures 
where applicable and accessable. Care shall be exercised to prevent 
instrumentation from interfering with equipment operation and normal 
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heat transfer mechanisms. Initial performance parameters shall be 
established at nominal cold plate conditions (step a. below) and shall be 
compared with the requirements of the applicable FTM or PS. Subsequent 
performance parameter measurements shall be compared to these initial 
readings. Out-of-tolerance conditions with respect to the applicable 
FTM or PS shall be noted, but shall not cause discontinuance of the test 
unless a catastrophic thermal run-away condition is indicated. The 
subassemblies, or parts thereof, contributing to degradation of 
performance during the test shall be identified if possible; however, 
continuation of the test shall take precedence over isolation of the portion 
of equipment causing such degradation during any one step. The test 
shall be discontinued at the point that equipment operation is no longer 
possible. The following test sequence, which comprises the induced 
failure overstress conditions, may be interrupted between lettered steps 
to facilitate scheduling problems, etc, provided that prior to reinitiating 
the test sequence, step a. is repeated to reestablish the measurement 
base. Critical performance parameters shall be monitored during the 
entire test sequence. 

a. Four (4) hours at nominal coolant temperature and flow rate 
conditions during which performance criteria are measured. 

b. Four (4) hours at maximum coolant inlet temperature 
specification limit +0 - 3°F and minimum flow rate 
specification limit during which performance criteria shall 
be measured and compared to that of step a. 

c. Same as step b. except the time shall be two hours and the 
temperature of the coolant shall be increased 10° ± 3°F. 

d. Same as step b, except the time shall be two hours and the 
temperature of the coolant shall be increased 20° ± 3°F. 

e. Same as step b, except the time shall be two hours and the 
temperature shall be increased 30° ± 3°F. 

f. Repeat step a. 

g. Same as step b, except the time shall be two hours and the 
flow rate shall be reduced 15 ± 5%. 

h. Same as step b, except the time shall be two hours and the 
flow rate shall be reduced 30 ± 5%. 

i. Same as step b, except the time shall be two hours and the 
flow rate shall be reduced 50 ± 5%. 
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3.3.3 LEM 

To be supplied at a later date. 

3.4 Subassemblies 

3.4.1 General 

Selected subassemblies will be subjected to the qualification 
program as described within this section. In general, subassembly 
qualification shall be accomplished at design limit environmental 
stresses, and where applicable for a single operational cycle. Life 
conditions, where parameter drift is a major consideration, is for this 
program considered an environmental stress, and is included in the test 
program. 

3.4.1.1 Overstress 

Following the qualification test cycle, the subassemblies shall be 
subjected to selected overstress conditions when applicable. The 
overstress tests shall be conducted where there is insufficient prior 
engineering evaluation data available to determine the design margin of 
safety. These tests shall not be used as criteria for qualification or 
disqualification of the G&N equipment, and permanent failure may result 
from exposure to the high environmental stress conditions. 

3.4.1.2 Equipment 

The subassemblies to be tested as described herein are identified 
in contractor technical directives. 

3.4.1.3 Test Matrix and Sequence 

The test matrix identifying the environmental stresses to which 
each type of module shall be subjected is shown in Figure 3-3. The test 
sequence may be altered to facilitate chamber scheduling and permit 
efficient test conduct. 
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3.4.1.4 Examination of Product 

Each subassembly shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental 
exposure. Particular attention shall be given to connectors and intercon¬ 
nection points. 

3.4.1.5 Test Conditions 

The subassembly test conditions shall simulate the mounting, 
interconnection, and thermal control such as heat sinks or cold plates 
that would normally be seen as a part of its higher G&N level of assembly. 
That is, unless otherwise specified, GME (Gimbal Mounted Electronics) 
subassemblies shall be maintained on a heat sink of 135±2°F, and PSA 
and AGC subassemblies shall be mounted on a heat sink which is 
maintained at the nominal temperature in accordance with system 
requirements. The remaining modules, OUA, D&C, etc. shall be normally 
mounted to a holding fixture and unless otherwise specified tested at 
room ambient conditions. The subassemblies shall be exercised and 
operated utilizing standard laboratory instruments or ground test 
equipment. Interconnection points cm the subassemblies shall be mated 
utilizing normal airborne mating connectors. Power input shall be in 
accordance with the applicable PS or FTM. The type of test program 
that a particular module will undergo is dependent upon operation and 
location of the module. Conditions have been modified to consider the 
location of the subassemblies in their normal G&N packaged location. 
Therefore, in many cases the climatic conditions are less severe or 
nonexistent than higher level of assembly equipment due to hermetic or 
environmental seals in the end item equipment. 

3.4.1.6 Performance 

Unless otherwise specified in the test plan, the subassemblies shall 
meet the requirements of the applicable PS or FTM before, during where 
specified, and following each environmental exposure. The equipment 
shall be operational during all test phases, unless otherwise noted in the 
test plan. 



' ,,r. * ttiftWOTlMMU "WHiamm 

Apollo GAN Specification 
ND 1002037 


3.4.1.7 Witnessing Personnel 

The NASA representative or his designated alternate shall be 
notified of all test phases in advance of their scheduled performance. 

3.4.2 Block I (Series 100) 

The GAN subassemblies shall be subjected to the qualification 
design limit environmental stresses and the overstress tests as outlined 
in Figure 3-3 and as described herein. 

3.4.2.1 Thermal-Vacuum 

The GAN equipment shall be subjected to the thermal vacuum test 
of paragraph 4.2.4.10 as indicated in Figure 3-3. During the exposures 
the subassemblies shall be energized and the performance checked in 
accordance with the applicable FTM or PS. except for a two (2) hour 
period at each of steps c.. d., f., and g. of paragraphs 4.2.4.10.1 and 

4.2.4.10.2 during which time all power shall be off. If the test sequence 
is interrupted the subassembly shall be functionally checked before the 
sequence is reinitiated. The subassemblies shall be mounted on a heat 
sink simulating actual system usage. The heat sink - subassembly 
interface temperature shall be maintained at each condition of paragraph 

4.2.4.10.1 and 4.2.4.10.2. in accordance with the following table: 
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Test condition 

CDU,DSKY, and 

CM structure 

mounted,* a 

PSA, DAC, 

and AGC 

OUA 

of paragraph 

subassembly 

subassembly 

subassembly 

4.2.4.10.1 or 

heat sink 

heat sink 

heat sink 

4.2.4.10.2 

Temperature 

Temperature 

Temp. 


°F 

°F 

°F 

a. 

75 

75 

75 

b. 

130 

105 

140 

c. 

130 

105 

140 

d. 

130 

105 

140 

. e. 

20 

55 

20 

f. 

20 

55 

20 

g. 

20 

55 

20 

h. 

75 

75 

75 

i. 

75 

75 

75 


All above temperatures ±5°F 



3.4.2.2 Humidity 

The GAN subassemblies shall be subjected to the humidity test of 
paragraph 4.2.4.9 as indicated in Figure 3-3* During the test the 
subassemblies shall be exercised as thoroughly as possible and 
performance shall be checked against the applicable FTM or PS* The 
equipment shall be operational for 22 hours during each 24 hour cycle. 
During the 2 hour off period, which may occur at any point in the cycle, 
all coolant flow to heat sinks and power shall be off. 

5.4.2.3 Acceleration 

The GAN subassemblies shall be subjected to the acceleration 
environment of paragraph 4.2.3.3 as specified in Figure 3-3 except the 
20 ± 1 g shall be applied along each plus and minus direction of each of 
three orthogonal axes of each subassembly. All equipment shall be 
operational and the performance checked in accordance with the applicable 
PS or FTM, unless otherwise specified in the detailed test plan. 
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3.4.2.4 Vibration 

The G&N subassemblies shall be subjected to the launch vibration 
of paragraphs 4.2.1.6, 4.2.1.15, or 4.2.1.16 as indicated in Figure 3-3. 
All equipment shall be operational except the OUA subassembly. The 
vibration shall be applied along each of three orthogonal axes, one of 
which shall be perpendicular to the normal mounting plane of the 
subassemblies. 


3.4.2.5 Shock 

The G&N subassemblies shall be subjected to the flight shock test 
of paragraph 4.2.2.2 in accordance with Figure 3-3. The equipment shall 
be subjected to one shock along each plus and minus direction of each of 
three orthogonal axes (6 shocks) one of which shall be perpendicular to 
the normal mounting plane. 


3.4.2.6 Endurance 


The G&N subassemblies, as specified in Figure 3-3 shall be 
subjected to the endurance test as described herein. Each subassembly 
shall be mounted on a fixture or heat sink in accordance with paragraph 
3.4.1.5. Throughout the test duration the test item shall be operational 
and the output parameters shall be monitored to determine drift with 
respect to time and environmental stress conditions. 


The endurance test shall be 5 endurance cycles (approximately 
1000 hours). Each endurance cycle shall consist of two phases, one 
simulating periodic vibrational stress and the second thermal pressure 
environment. Each phase shall consist of five test cycles (24 hours 
each). Figure 3-4 identifies the conditions during each type of test cycle 
and is further described herein: 


TEMP f 


y *•* Mm# ». £.•* 


Apollo GAN Specification 
ND 1002037 


2 March 1965 



TEMPERATURE - PRESSURE TEST CYCLE 



Notes: 1) FIVE 24 HOUR TEMP-PRESSURE TEST CYCLES, PLUS FIVE 24 HOUR 
VIBRATION TEST CYCLES IS ONE ENDURANCE CYCLE. 

2) FIVE ENDURANCE CYCLES CONSTITUTE THE ENDURANCE TEST 
(APPROXIMATELY 1000 OPERATING HOURS). 


FIG. 




ENDURANCE TEST SUBASSEMBLIES , 
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3.4.2.6.1 Temperature-Pressure Cycle 

Start test at 77±5°F temperature and atmospheric pressure 
(during first cycle only). Test samples energized at all 
times except the last 2 hours at each cycle. 

Evacuate chamber to 5±2 psia (temperature 77±5°F). Hold 
for 5 hours. 

Raise temperature to 150±5°F. Hold for 2 hours (including 
temperature change interval). 

Lower temperature to 32±5°F. Hold for 2 hours (including 
temperature change interval). 

Increase temperature to 77±5°F. Hold for the remainder of 
this cycle. 

De-energize test samples during the last two hours of cycle. 
Functional tests will be performed prior to and after step f • 
At least one major parameter of each assembly will be 
monitored during the steps b. through e. 

3.4.2.6.2 Vibration Test Cycle 

a. Ambient temperature shall be 77±5°F throughout the cycle. 

b. Ambient pressure is atmospheric throughout the cycle, except 
when functional tests are performed. In the latter case the 
air pressure shall be 5±2 psia. 

c. Test samples will be de-energized during last two hours of 
cycle. 

d. Once each cycle, test samples will be subject to 3.5 g rms 
sinusoidal vibration (total displacement limited to 0.3 inch 
double-amplitude along the axis of maximum acceleration). 
The sweep frequency will be varied logarithmically at a rate 
of one octave per minute from 10-1000-10 cps for a total of 
15 minutes. 

e. Functional tests will be performed before and after exposure 
to vibration. 

f. During vibration test cycle at least one major parameter of 
each assembly will be monitored for intermittent changes in 
magnitude and indications of malfunctions* 


a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 
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3.4.2.7 Thermal-Vacuum Overstress 
(Requirement deleted Rev. B) 

3.4.2.8 Vibration Overstress 

The subassemblies specified in Figure 3-3 shall be subjected to 
the vibration overstress of paragraph 4.2.1.17,. All other conditions of 
paragraph 3.4.2.4 shall otherwise apply. As this test is not a requirement 
for qualification, degraded performance shall not constitute reason for 
discontinuance of the test; however, out-of-tolerance conditions shall be 
reported. 

5.4.2.9 Shock Overstress 
(Requirement deleted Rev. B) 

3.4.2.10 Long Term Aging Stability Test (Endurance) 

The G&N subassemblies shall be installed on a cold plate in ac¬ 
cordance with paragraph 3.4.1.5 and shall be operated throughout the 
test sequence. Room ambient pressure shall be maintained throughout 
the test and the ambient temperature shall be varied simultaneously with 
the cold plate in the following manner. 

a. Four hours at 100 ± 4°F. 

b. Decrease the temperature to 0±4°F in one hour maximum. 

c. Maintain 0±4°F for four hours. 

d. Raise the temperature to 100±4°F in one hour maximum. 

The above sequence represents one cycle. This cycle shall be 
repeated to accumulate 1000 hours minimum of operational time on the 
subassemblies. During the 100±4°F temperature phase of one cycle the 
performance of the unit shall be checked once per day. 

3.4.3 Block II Subassemblies 

To be supplied at a later date. 

3.4.4 LEM Subassemblies 

To be supplied at a later date. 
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3.5 Parts 

3.5.1 General 

Parts as defined in Contractor Technical Directives shall be 
subjected to the qualification testing in accordance with their detailed 
SCD (Specification Control Drawing) or PS (Purchase Specification) and 
the general test criteria as established in the applicable part qualification 
specification. 

The controlling document for each individual part qualification test 
shall be applied in the following order of precedence: 

1. QSS (Qualification Status Sheet) 

2. Part OnaSlfSesttUn Plan and Detailed Test Procedure 

3. SCD (Specification Control Drawing) 

4. PS (Purchase Specification) 

5. Applicable Qualification Specification 

6. Applicable Military Specification 

3.5.2 Block I 100 

The Block I 100 GAN parts identified and listed in individual 
contractor Technical Directives shall be qualified in accordance with 
paragraph 3.5.1. 

3.5.3 Block fi 

The Block n GAN parts identified and listed in individual contractor 
Technical Directives shall be qualified in accordance with paragraph 
3.5.1. 

3.5.4 LEM 

The LEM GAN parts identified and listed in individual contractor 
Technical Directives shall be qualified in accordance with paragraph 
3.5.1. 
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4. TEST CRITERIA 

4.1 General 

This section contains the detailed definitions of the specific 
environmental test levels and other criteria applicable to the 
environmental stress determination for tests as required in Section 3. 

4.2 Environments 

4.2.1 Vibration 

4.2.1.1 General 

• 

Vibration test shall be conducted in accordance with the following 
paragraphs of Standard MIL-STD-810, Method 514.1; Procedure I # 
Random Vibration; Control and Analysis of Random Vibration paragraph 
9.3, Vibration Input Control paragraph 9.4 and Transducer Mounting 
paragraph 9.5 of Section 9 entitled Test Details and Techniques. Tolerance 
limits between 10 cps and 50 cps shall be ± 3 db. In the event the ± 1.5 db 
from 50 cps to 1000 cps cannot be met with existing facilities, the tolerance 
may be broadened to ± 3 db providing the overall g rms level is held to 
±10 percent. 

4.2.1.2 Launch, CM Primary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 1 Figure 4-1 for 6 minutes 
minimum per axis. 

4.2.1.3 Launch, CM Secondary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 1 launch of Figure 4-2 for 6 
minutes minimum per axis. 





























Fig. 4-lc G&N Module Random Vibration 
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4.2.1.4 Launch Abort. CM Primary Structure 

. Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 2 Figure 4-1 for 30 seconds 
minimum per axis. 

4.2.1.5 Launch Abort, CM Secondary Structure 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Profile 2 launch abort of Figure 4-2. 
The exposure time shall be 30 seconds per axis. 

4.2.1.6 CM Gimbal Mounted Hardware (GME, etc) 

Sinusoidal vibration at 9.0g rms limited to 0.3-inch double¬ 
amplitude displacement, swept logarithmically from 10 to 2000 cps at a 
rate of one octave per minute. Following this test the following random 
vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Figure 4-IB, Profile 2, for 6 minutes 
per axis. 

4.2.1.7 Launch CM Equipment Mounted on Isolated Navigation Base 
(Optical Unit Assembly) 

Random vibration having a Gaussian distribution and a peak to rms 

g ratio of 3 to 1 in accordance with Figure 4-1, Profile 3; the test 
duration shall be 6 minutes per axis. 

4.2.1.8 CM Overstress 

The vibration overstress shall be accomplished in three steps as 
follows: 

a. Repeat the applicable launch vibration of paragraphs 4.2.1.2, 

4.2.1.3, or 4.2.1.7 on the respective GAN equipment as shown 
in Figure 3-1. Test duration shall be 6 minutes per axis. 
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b. The vibration level shall be increased 3 db above the ap¬ 
plicable launch vibration specified in paragraphs 4.2.1.2, 

4.2.1.3. or 4.2.1.7. Test duration shall be 2 minutes per 
axis. 

c. The vibration level shall be increased 6 db above the ap¬ 
plicable launch vibration specified in paragraphs 4.2.1.2, 
4.2.1.3. or 4.2.1.7. Test duration shall be 2 minutes per 
axis. 

4.2.1.9 Launch. Navigation Base Hardmounted CM Primary Structure 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Profile 1. Launch, of Figure 4-1A 

for 6 minutes minimum per axis. 

4.2.1.10 Launch Abort, Navigation Base Hardmounded CM Primary 
Structure 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Profile 2, Launch Abort, of Figure 
4-1A for 30 seconds minimum per axis. 

4.2.1.11 Launch LEM Primary Structure 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-4. The test duration shall 
be 6 minutes per axis. 

4.2.1.12 LEM Panel Mounted Equipment 

Random vibration having a Gaussian distribution and a peak torms 
g ratio of 3 to 1 in accordance with Figure 4-4. Test duration shall be 6 
minutes per axis. 

4.2.1.13 Lunar Descent and Ascent. LEM Primary Structure Mounted 

Random vibration having a Gaussian distribution and a peak torms 
g ratioof 3 to 1 in accordance with Figure 4-5. Time duration per axis 
shall be as specified on Figure 4-5. 
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4.2.1.14 LEM Overstress 

Overstress shall be conducted in accordance with paragraph 4.2.1.1. 
except the base level shall be the highest profile in paragraphs 4.2.1.11 
through 4.2.1.13. 

4.2.1.15 CM Optical Unit Mounted Modules 
(including SXT Index Head Assembly) 

Sinusoidal vibration at 9.0 g rms limited to 0.3-inch double¬ 
amplitude displacement, swept logarithmically from 10 to 2000 cps at a 
rate of one octave per minute. Following this test the following random 
vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Figure 4-IB, Profile 1, for 6 minutes 
per axis. 

4.2.1.16 CM G&N Modules 

Sinusoidal vibration at 9.0 g rms limited to 0.3-inch double¬ 
amplitude displacement swept logarithmically from 10 to 2000 cps at a 
rate of one octave per minute. Following this test the following random 
vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms 
g ratio of 3 to 1 in accordance with Figure 4- 1C for 6 minutes per axis. 

4.2.1.17 Subassembly Overstress 

The applicable random vibration of paragraphs 4.2.1.15 or 4.2.1.16 
shall be increased 3 db. The test duration shall be 6 minutes per axis. 
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4.2.2 Shock 

4.2.2.1 General 

Shock tests shall be performed as follows using Standard MIL-STD- 
810, Method 516.1 as a guide. Unless otherwise specified the shock level 
tolerance shall be ±10 percent and time duration tolerance ±10 percent. 
In the event that the shock test is conducted utilizing a vibration exciter 
and the tolerance limits specified above can not be met, these limits may 
be broadened to account for the exciter dynamics; however, overshoot 
shall not exceed 75 percent of the peak g value. The required deviation 
shall be specified in the Test Plan. 

4.2.2.2 Flight Shock 

One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be 20g terminal peak sawtooth 
waveform, of 6 milliseconds duration. 

4.2.2.3 LEM Lunar Landing 

One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be lOg minimum, terminal 
peak sawtooth waveform of 20 millisecond time duration minimum. 

4.2.2.4 Over stress 
(Requirement deleted) 

4.2.2.5 CM Earth Landing 

One shock of 78 g, 11 milliseconds minimum duration, terminal 
peak sawtooth applied along the axis approximating the thrust axis (+X^.^ 
in Figure 4-6) 










Apollo GAN Specification 
ND 1002037 

4.2.3 Acceleration 

4.2.3.1 General 

Acceleration testa shall be performed as follows using Standard 
MIL-STD-810, Method 513.1, Procedure n as a guide. 

4.2.3.2 Launch 

Exposureto 6 ± 1/2 g in the + X CM » the+and - Z CM and either the 
+ or - Y cm axes, as shown in Figure 4-6, for 5 minutes minimum per 
axis. 

4.2.5.3 Entry and Abort 

Exposure to accelerations of 20 ± lg for 5 minutes minimum along 
the entry axis (approximately 33° from the thrust axis), + (see 

Figure 4-6) and in each plus and minus direction of 2 orthogonal axes* 

4.2.3.4 Entry Nominal 

Exposure to accelerations of 10 ± lg for 5 minutes minimum along 
the entry axis (approximately 33° from the thrust axis) + X^g (see 
Figure 4-6), 

4.2.3.5 LEM 

Exposure to 8g steady state acceleration shall be applied for 5 
minutes in the ± direction in each of 3 orthogonal axes, one of which s h all 
be the + X L£M axis as shown in Figure 4-7. 

4.2.4 Climatics 

4.2.4.1 General 

Unless otherwise specified the temperature and pressure 
% tolerances are ± 5°F and ± 0.5 psia. The rate of temperature change 
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shall not exceed 30°F per minute and the rate of pressure change shall 
not exceed 5 psia per minute. The temperature shall be chamber air 

ambient temperature unless otherwise specified. 

4.2.4.2 Ground High and Low Temperature Design Limits 

The test profile is shown in Figure 4-8 "Ground Temperature 
Design Limit Profile" and is explained as follows: 

a. 24 hours minimum at - 20°F 

b. raise temperature to +20°F in one hour. 

c. stabilize at +20°F for 4 hours. 

d. maintain +20°F for duration of functional check. 

e. raise the temperature from +20°F to +140°F +0 - 5°F in 2 
hours. 

f. maintain 140°F + 0 - 5°F for 24 hours. 

g. reduce the temperature to 107°F in one hour and stabilize at 
10 7°F for 4 hours. 

h. maintain 107°F for duration of functional check. 

4.2.4.3 Thermal Vacuum CM Design Limit Test 

The thermal vacuum conditions are shown in Figure 4-9 "CM 
Thermal Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not 
include the time required to attain that environment. The test sequence 
may be interrupted between lettered steps to facilitate scheduling 
problems, etc., however, it is desired to complete the total cycle once it 
has been initiated. 

a. 24 hours m i nimum at 75°F and 5.00±0.25 psia. 

b. At 5.00 ± 0.25 psia, raise the air temperature from 75°F to 
100°F in 4.0 hours maximum. 

c. At 5.00 ± 0.25 psia, raise the air temperature from 100°F to 
150°F in 20±2 minutes. Hold at 150°F for 20±2 minutes and 
then decrease the temperature to 100°F in 20 ± 2 minutes. 
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d. Reduce the pressure to between 1 X 10 and 1 X 10 mm 
Hg at 100°F wall temperature and maintain for 50 hours 
minimum. 

e. Raise the pressure to 5.00 ± 0.25 psia and reduce the air 
temperature to 20°F and maintain for 4 hours minimum. 

f. Reduce the pressure to between 1 X 10 ^ and 1 X 10 mm 
Hg at 20°F wall temperature and maintain for 50 hours 
minimum. 

g. Raise the pressure to 5.00 ± 0.25 psia and the air temperature 
to 75°F and maintain for 4 hours. 

h. Establish room ambient pressure and temperature. 

Space conditions which may occur simultaneously with 
the above are shown by dashed lines in Figures 4-9 and are 
described as follows: 

i. Cold wall at - 300 + 0 - 20°F. 

-7 

j. Pressure of 10 mm Hg minimum. 

k. Solar radiations at one solar constant for a total of 12 hours 
in 4 hour increments. 

Each 4 hour increment of solar radiation shall preferably 
occur at the time indicated in Figure 4-9. However, at a 
minimum, one exposure shall be during the CM conditions of 
5 psia and 75°F, one during the 10 * mm Hg at 100°F wall, 
and one during the 10 f pun Hg and 20°F wall. Test inter¬ 
ruptions are permitted for carbon rod replacement. This 
time shall not be considered as a part of the 4 hour increment. 
Standard MIL-STD-810, Method 517.1, "Low Pressure - Solar 
Energy" shall be used as a guide for this test. 

4.2.4.4 Thermal Vacuum and Climatic, CM Nominal Limit Test 


The thermal vacuum and climatic condition are shown in Figure 
4-10 and are described herein. Unless otherwise indicated the time of 
exposure to an environment does not include the time required to attain 
that environment. The test sequence may be interrupted between lettered 


?*? 
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steps to facilitate scheduling, changing chambers, etc., however, the test 
sequence shall be maintained. 

a. 24 hours minimum at 75°F at 14.7 psia with 95% ± 5% pure 
dry oxygen atmosphere. 

b. 24 hours minimum at 85 + 5 - 0°F at 5 ± 0.25 psia with 95 
± 5 percent pure dry oxygen. 

c. 24 hours minimum at 65 + 0 - 5 °F at 5 ± 0.25 psia with 95 
± 5 percent pure dry oxygen. 

d. 48 hours minimum at 75°F at 5 ± 0.25 psia with 95 ± 5% 
pure oxygen. A one percent by weight salt spray solution fog 
shall be intermittently imposed on the equipment, 6 hours on 
and 6 hours off. Standard MIL-STD-810 Method 509.1 shall 
be used as a guide. 

e. 120 hours at 40 percent minimum relative humidity in ac¬ 
cordance with Figure 4-10. The pressure shall be maintained 
at 5 ± 2 psia 95 ± 5% oxygen. The temperature may be 
uncontrolled between 75 and 85°F. 

f. 100 hours minimum at 75°F wall temperature and a pressure 

between 1 10" 4 and 1 X 10~ 5 mm Hg. 

g. 100 hours at -300 + 0 - 20°F cold wall at 1 * 10’ 7 mm Hg 
minimum. 

During this exposure the equipment shall be subjected to 
solar radiation at one solar constant for a total of 10 hours in 
2 hour increments. The five 2 hour solar exposures shall be 
spaced throughout the total exposure, ideally as shown in 
Figure 4-10. Test interruptions are permitted for carbon 
rod replacement. This time shall not be considered as a 
part of the 2 hour increment. Standard MIL-STD-810, Method 
517.1 shall be used as a guide for this test. 

4.2.4.5 Thermal Vacuum CM Overstress Test 

The thermal vacuum conditions shall be those of paragraph 4.2.4.3 
step a. through d. and i. through k. modified as follows. 



ttoS^ 0110 " 


a. 2 hours minimum rather than 24. 

b. No change. 

c. Maximum temperature shall be 200°F rather than 150°F. 

d. Wall temperature shall be 120°F rather than 100°F and 
exposure time shall be 24 hours. 

Space conditions which occur simultaneously with d. 
above are described as follows: 

i. No change. 

j. No change. 

k. Solar radiation of one solar constant for one 2 hour exposure 
during the 24 hour exposure. 

4.2.4.6 Thermal Vacuum LEM Design Limit Test 

The thermal vacuum conditions are shown in Figure 4-11 "LEM 
Thermal-Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not 
include the time required to attain that environment. The test sequence 
may be interrupted between lettered steps to facilitate scheduling 
problems, etc.; however, it is desired to complete the total cycle once it 
has been initiated. 

a. 24 hours minimum at 75°F and 5.8 psia. 

b. At 5.8 psia. raise the air temperature from 75°F to 160°F in 
2 hours maximum. Maintain 160°F and 5.8 psia for 4 ± 0.1 
hours. 

-5 

c. While at these conditions reduce the pressure to 1 10 

mm Hg. or as close to this goal as possible, (within limits of 
the outgassing characteristics of the tested equipment and 
chamber capabilities).and maintain for 8.0 ± 0.1 hours 
(pumping time to reach the vacuum condition included in the 
8 hours). The wall temperature shall be maintained at - 
- 160°F. 
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e. Reduce the pressure to 1 X 10 mm Hg or as close to this 
goal as possible, while holding the wall temperature at 100°F 
and maintain for 12 ± 0.1 hours including pumping time. 

f. Raise the pressure to 5.8 ± 0.5 psia and reduce the 
temperature to 0±5°F and maintain for 4.0±0.1 hours. 

.17 

g. Reduce the pressure to 1 X 10 mm Hg, or as close to this 
goal as possible, while holding the wall temperature to 0±5°F 
and maintain for 12.0 ±0.1 hours including pumping time. 

h. Raise the pressure to 5.8 psia and raise the temperature to 
+ 20°F and maintain for 12.0 ±0.1 hours. 

i. Reduce the pressure to 1X10 -7 mm Hg or as close to this 
goal as possible holding the wall temperature at + 20°F and 
maintain for 12.0 ± 0.1 hours including pumping time. 

j. Raise the pressure to 5.8 psia and the temperature to 75°F 
and maintain for 24 hours minimum, except at two points the 
Blow Down and Repressure cycle as shown in Figure 4-11 
shall be conducted. Each Blow Down and Repressure shall 
consist of reducing the pressure from 5.8 ± 0.5 psia to 0.1 

+ 0-0.05 psia in 5 minutes maximum, followed by a further 
-5 

reduction- to 1 X 10 mm Hg in 4.0 hours maximum, and 
then repressure to 5.8 psia in 60 +0 -10 seconds. 

Space conditions external to the LEM pressure hull are shown 
by dashed lines in Figures 4-11 and are described herein. 

k. Cold wall at -300 +0 -20°F, 125 hours minimum. 

l. Pressure of 1X10“ 7 (minimum) to lxio" 10 (goal) mm Hg 
for 125 hours minimum. 

m. Solar radiation at one solar constant for a total of 16 hours in 
4 hour increments. Each 4 hour increment shall preferably 
occur at the times indicated in Figure 4-11. Test inter¬ 
ruptions are permitted for carbon rod replacement. This 
time shall not be considered as a part of the 4 hour increment. 
For equipment that receives simultaneous exposures, at a 
minimum one exposure shall occur during LEM conditions at 
160°F, one during the +100°F, one during the 0°F and one 
during the 20°F, otherwise the solar exposures shall be 
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separated by 8 hours of cold wall exposure. Standard MIL- 
STD-810 Method 517.l"LowPressure- Solar Energy"shall 
be used as a guide for this test. 

4.2.4.7 LEM Thermal-Vacuum Overstress Test 

The thermal vacuum conditions shall be those described in 
paragraph 4.2.4.6 steps b. through i. and k. through m. except each step 
listed below shall be modified as indicated. 

b. Air temperature shall be 180°F. 

c. Wall temperature shall be 180°F. 

d. Air temperature shall be 120°F. 

e. Wall temperature shall be 120°F. 

f. Air temperature shall be - 25°F. 

g. Wall temperature shall be - 25°F. 

h. Air temperature shall be 0°F. 

i. Wall temperature shall be 0°F. 

k. No change except time shall be duration of steps b. through j. 

L No change except time shall be duration of steps b through j. 

m. Solar radiation shall be two 4 hour exposures one each during 
the + 180°F and the + 120°F exposures. 

4.2.4.8 Oxygen, Overpressure, Temperature 

The overpressure oxygen environmental conditions at elevated 
temperatures are described herein. 

a. . The equipment shall be exposed to an atmosphere of 95 ± 5% 
pure oxygen at a pressure 21 psiaand a temperature of 75°F 
for a duration of 2 hours minimum. 

b. The pressure of the 95 ± 5% oxygen atmosphere shall be 
lowered to 14.7 psia at 75°F and maintained for 12 ± 0.1 
hours. 

c. The temperature shall be raised to 105°F and the oxygen 
atmosphere maintained at 14.7 psia for a duration of 12 hours 
minimum. 
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4.2.4.9 Humidity, Temperature 

The humidity environment shall be five 24 hour humidity cycles in 
accordance with Method 507.1 of Standard MIL-STD-810 except the 
maximum temperature shall be 120°F. The temperature shall be raised 
from 70°F to 120°F in 2 hours, 120°F shall be maintained for 6 hours 
minimum and then the temperature shall be gradually reduced to 70°F 
over the next 16 hours. 

4.2.4.10 Thermal Vacuum CM Subassembly Design Limit Test 

The thermal vacuum test sequence identified in this section shall be 
imposed upon the subassemblies while they are mounted on an appropriate 
thermally controlled heat sink. Unless otherwise indicated, the time 
exposure to an environment does not include the time required to attain 
that environment. 

The test sequence may be interrupted, or rearranged to facilitate 
scheduling problems, etc.; however, it is desired to complete the total 
thermal vacuum cycle once it has been initiated. If the sequence is 
interrupted, prior to resumption of the test, step a. shall be repeated, for 
a sufficient time duration to re-establish a measurement base. 

4.2.4.10.1 All Subassemblies except those mounted on the OUA 

a. 12 hours at 5 psia and 75°F. 

b. Raise temperature to 150°F in one hour maximum. 

c. Maintain 5 psia 150°F air temperature for 12 hours. 

-4 

d. Reduce the pressure to 1 * 10 mm Hg or less, maintaining 
chamber wall temperature at 150°F for 12 hours. 

e. Raise the pressure to 5 psia, reduce the temperature to 
+20°F in one hour maximum. 

f. Maintain 5 psia and 20°F air temperature for 12 hours. 

-4 

g. Reduce the pressure to 1 % 10 mm Hg or less, maintaining 
the chamber wall temperature at 20°F for 12 hours. 

h. Raise the pressure to 5 psia and the temperature to 75°F in 
one hour maximum. 

L Maintain 5 psia and 75°F for four hours. 


Apollo G&N Specification 
ND 1002037 


4.2.4.10.2 OUA Subassemblies (including SXT Head Assembly) 


a. 8 hours at 14.7 psia and 75°F. 

b. Raise temperature to 140°F in one hour maximum. 

c. Maintain 14.7 psia and 140°F air temperature for 8 hours. 

-7 

d. Reduce the pressure to 1* 10 mm Hg or less .maintaining 
the chamber wall temperature at 140°F for 8 hours. 

e. Raise the pressure to 14.7 psia and reduce the temperature 
to +20°F in one hour maximum. 

f. Maintain 14.7 psia and +20°F air temperature for 8 hours. 

-7 

g. Reduce the pressure to 1 X 10 mm Hg or less, maintaining 
the chamber wall temperature at +20°F for 8 hours. 

h. Raise the pressure to 14.7 psia and the temperature to 75°F 
in one hour maximum. 

i. Maintain 14.7 psia and 75°F for four hours. 


4.2.5 Explosion 

(This requirement deleted* . The oxygen, overpressure, 
temperature test will determine equipment susceptibility to hazardous 
gases and fulfill the explosion requirement.) 

4.2.6 EMI (Electromagnetic Interference) 

The EMI level and susceptibility of the G&N equipment shall be 
determined as specified in MIL-I-26600 and MSC-ASPO-EMI-10A. 








Apollo G&N Specification 
ND 1002037 

6. NOTES 

6.1 Definitions 

6.1.1 Operational Cycle 

The total operational time under all conditions and nonoperational 
time under ground environmental conditions which a normal G&N system 
will experience; beginning with the start of selloff in the System Assembly 
Test (SAT) area and continuing through the flight mission. The operational 
cycle specified within this document simulates the above conditions, 
except that the time and environments of the SAT area are not repeated 
nor included in the qualification testing. 

6.1.2 Mission Cycle 

The total time under operational and nonoperational equipment 
modes that the G&N system will experience from prelaunch checkout, 
and through all flight environments to earth landing. The mission cycle 
specified within this document simulates the above conditions. 

6.1.3 Design Limit 

The environmental exposure extremes which the equipment has 
been designed to withstand. 

6.1.4 Nominal Limit 

The environmental exposures that the equipment will encounter 
during its life excluding emergency and abort flight conditions and 
uncontrolled ground conditions. 
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6.1.5 Detailed Test Plan 

The plan to which a test will be conducted. The plan shall show what 
will be tested, how it will be tested, the test schedule, the performance 
parameters and tolerances, and all information necessary to evaluate the 
proposed test. The detailed test procedures which are to be a step-by-step 
operating procedure will be a separate document unless otherwise 
specified. 

6.2 NOTICES 

When Apollo GAN drawings, specifications, or other data are used 
for any purpose other than in connection with a definitely related NASA 
procurement operation, NASA thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that NASA may have formulated, 
furnished, or in any way supplied the said drawings, specification, or 
other data is not to be regarded by implication or otherwise as in any 
manner licensing the holder or any other person or corporation, or 
conveying any rights or permission to manufacture, use, or sell any 
patented invention that may in any way be related thereto. 
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1. SCOPE 

1.1 GENERAL. It is the purpose of this document to establish the requirements and 
tests for demonstrating the qualification status of the APOLLO Guidance and Navigation 
System design and production for the earth orbital and ultimate lunar rendezvous-landing 
mission, and the degree of testing which must be satisfactorily accomplished during each 
phase of development oonaistent with the constraints of earlier flight missions. 

1.2 ENVIRONMENTAL CONDITIONS. The environmental conditions and stress levels herein bear 
a direct relationship to specifications describing spacecraft conditions. Varying equipment 
locations and mounting provisions have been taken into consideration. Transportation, hand¬ 
ling, a"** storage conditions occurring during the normal life cycle of the equipment have been 
studied and utilized to modify the tests appropriately either by stress level or duration of 
application to optimize the simulation. The profiles within this specification encompass these 
nonflight conditions but are identified by the maximum level of each environmental exposure. 
Combination of environments, particularly climatic tests, have been specified where facility 
considerations permit. 

1.3 QUALIFICATION CRITERIA. The qualification of the APOLLO Guidance and Navigation 
System shall be accomplished by a success ion of tests in accordance with this specification at 
the part, subassembly, subsystem, and system leveL. Attainment of full qualification status 

is subject to satisfactory completion of specified tests as outlined below: 

1) Systems: On operational cycle followed by one mission cycle. 

2) Subsystem: One operational cycle at design limit environmental levels. 

3) Subassemblies: One operational cycle at design limit environmental leveL 

4) Parts: Specification requirements followed by life and/or endurance as applicable. 

1.4 TEST PLANS AND PROCEDURES. Detailed test plans shall be prepared by the responsible ^ 
contractor for each item subjected to qualification testing. The detailed test plan (other than 
parts) shall be submitted te MIT/IL and NASA/MSC for approval at least 30 days prior to the 
scheduled start of the test. Information oopies shall be forwarded by MIT/IL to NASA/MSC 

and the TRB (That Review Board) members. Review shall be accomplished and comments 
submitted for consideration at the next scheduled TRB meeting for final resolution and 
approval. The detailed test procedures shall be submitted to the TRB prior to the start of 
test, and shall be submitted to NASA upon request (Detailed procedures shall form an 
integral part of the test plan for the part qualification program.) 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents shall form a part of this specification 
to the extent specified herein. Unless otherwise specified, the issue in effect on the date 
of this specification shall apply. 
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SPECIFICATIONS 

Military 

MIL-I-26600 Interference Control Requirements, 

Aeronautical Equipment 


National Aeronautics and 
Space Administration 
(NASA) 

MSC-ASPO-EM-lOA (Addendum to MIL-I-26600) 

STANDARDS 

MUitary 

MIL-STD-810 Environmental Test Methods for Aerospace and 

Ground Equipment 
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9. REQUIREMENTS 


3.1 GENERAL. Thia section establishes the qualification test requirements for all 
APOLLO GAN equipment, systems, subsystems, subassemblies, and parts. Qialifica- 
tion tests shall consist of exposure of production hardware to the specified emrironmental 
conditions to assure that it shall meet the design requirements and perform its intended 
mission function. Durii^ the environmental exposures the equipment shall be ope rative 
or nonoperative, depending on its condition during actual mission encountered environments. 
Both natural and induced environments are included in the test programs. The hardware 
subjected to qualification tests shall be manufactured with same tooling, processes, quality 
control procedures and be representative of the same design as for normal prediction unite 
destined for flight equipment Each item to be tested and its qualification status shall be listed 
in the QSL (Qualification Status List) ND1002034. 


3.1.1 Prior Compliance. The APOLLO GAN Equipment shall have successfully met all 
requirements of the applicable inspection and acceptance test requirements as delineated in 
the SCD (Specification Control Drawing), PS (Purchase Specification), or FTM (Final Test 
Method) prior to being submitted for qualification testing as defined in this specification. 
Data from the inspection and acceptance shall be recorded and shall form a part of the 
qualification test data. 


s. 1 . j Atmospheric Conditions. Unless otherwise specified, tests shall be performed at 
room ambient atmospheric pressure, a temperature of78*10*F. and a relative humidity of 80 
percent maximum. 

8 .1. S Instrumentation and Data. Instrumentation and data acquisition equipment shall be used 
to assure a sufficient data record of the environmental parameters controlled, and of the test 
article parameters critical to end Item performance. Additional parameters may be reoorded 
as secondary data to assist In failure Isolation, evaluation Information, etc., at toe discretion 
of the testli« activity. Special care shall be taken to provide signal isolation and prevent 
circuit lading such that the data acquisition system has a minimum effect on equipment per- 
formance. 


3.1.4 Failures. A failure occurs when the equipment under test is unable to perform its 
intended function within specified tolerances. Any failure shall be cause for corrective action 
and shall be completely documented and reported utilising tee APOLLO GAN failure reporting 
system. Formal qualification testing of the failed item shall be discontinued until the fatiure 
is resolved. Unless otherwise directed, when corrective action has been accomplished the 
test item shall be resubjected to the test phase where tee failure occurred and the tost se¬ 
quence continued from teat point. Changes in the absolute value of critical parameters will 
require individual evaluation prior to re-establishing a new measurement base. If, whUe 
the test item is being resubjected to a test phase, a totally unrelated failure occurs it shall 
be reported, evaluated, and the proper corrective action accomplished, but it shall not be 
considered a qualification failure, and therefore testing shall be continued from that point. 

At any point in tee test program, where corrective action results in replacement of a com¬ 
ponent, this component shall be considered qualified by similarity in all previous environ¬ 
mental exposures, unless failure analysis proves otherwise. If there is repeated failure, 
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malfunction, or out-of-tolerance performance in a given environment, this shall be recorded, 
analysis performed, and the equipment repaired and rechecked and then subjected to the next 
scheduled environment pending Test Review Board action. All failures shall be subject for 
review at the monthly Test Review Board meetings. 

3.1.4.1 Failure of Test Facility. If the test facility fails, the equipment under test shall be 
rechecked and the test oontlnued in a manner in which the test facility malfunction will result 
in a minimum effect upon die qualification of the equipment under test. Component failures 
induced by test facility failure shall be recorded, analyzed, and the component repaired, but 
shall not be considered relevant to GAN equipment qualification. 

3.1. S Reporting. 8tatus, Interim where applicable, and Final Reports are required for all 
qualification tests conducted. The status report shall be submitted monthly in accordance with 
the requirements established at the Test Review Board. Interim reports are required for long 
duration test programs and shall note significant events, milestone accomplishments, and 
summarise test progress. For system and subsystem qualification tests, interim reports are 
required at approximately monthly intervals, and will be the subject of Test Review Board 
discussion. Final reports are required for each GAN part and equipment tested. Final reports 
shall be submitted to MIT/IL and NASA/MSC within 45 days following completion of the total 
test effort and at a minimum must include: 

a. Test plan and procedure or a reference to this document. 

b. Deviations from plan if any. 

o. Acceptance data. 

d. Photos,diagrams, description, etc., of test articles and setups where significant 
or unique, 

e. Summary of failures and corrective action. 

f. Test results. 

g. Test data and analyses. 

h. Conclusions. 

3.2 SYSTEMS 

3.2.1 General. The total GAN system will be subjected to the qualification program as 
described within this section. One Block 1-100 series and one Block H GAN System shall 
undergo qualification testing. System qualification shall consist of exposure of the entire 
GAN system, Interconnected and functioning, to a series of environmental conditions simulat¬ 
ing those encountered during its operational life. Successful completion of an operational 
cycle followed by a mission cycle shall be required for qualification. 
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3.2.1.1 Equipment. The G&N equipment to be used for qualification testing shall undergo 
all acceptance testing and shall have been accepted by NASA as being representative of the 
production hardware. 

3.2.1.1.1 Block I (Series 100) Equipment. The G&N Block I (Series 100) system shall be 
comprised of the following equipment: 

a. Inertial Measurement Unit (IMU) 

b. Power and Servo Assembly (PSA) 

o. APOLLO Guidance Computer Group 

d. Coupling Display Unit (CDU) 

e. CDU Panel Assembly 

f. CDU Frame Assembly 

g. Optics Shroud Assembly 

h. IMU Control Panel Assembly 

l. D&C Electronics Assembly 

j. Control Electronics Assembly 
lu G&N Indicator, Control Panel Assembly 
L Harness and End Connector Assembly 

m. Optics Unit Assembly (OUA) 

n. Navigation Base 

o. Star Scanner Electronics 

p. Signal Conditioner 

q. Bellows - Sextant and Scanning Telescope 

3.2.1.1.2 Block Q Equipment. The G&N Block II System shall be comprised of the follow¬ 
ing equipment: 


a. Inertial Measurement Unit (IMU) 

b. Power and Servo Assembly (PSA) 
o. APOLLO Guidance Computer Group 

d. Optics Shroud Assembly 

e. Electronic Coupling Data Unit (ECDU) 

f. Display and Control Group 

g. Optics Unit Assembly 

h. Navigation Base and Installation Hardware 

i. Signal Conditioner 

J. Bellows - SXT and SCT 

k. PIP A Electronics Assembly 

l. Hose Assembly 

m. G&N Interconnection Harness 

n. Eyepieoe Stowage Compartment (ESC) 
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3.2.1.2 Operational and Mission Cycle. The following conditions comprise the two test 
cycles. Tests conditions a. through g. comprise the operational cycle, and test conditions 

f. through j. comprise the mission cycle. 

a. Ground Temperature 

b. Oxygen Overpressure Temperature and 1% Salt Fog 
o. Humidity 

d. Thermal Vacuum 

e. EMI 

f. Acceleration Launch and Entry 

g. Vibration 

h. Cabin Atmosphere A Thermal Vacuum 
1. Vibration (one axis) 

j. Earth Landing Shock (where not accomplished on subsystem level) 

3.2.1.3 Test Sequence. The test sequence shall be in the order listed in paragraph 3.2.1.2 
with the following variations permitted. 

a. EMI may be conducted at any point in the test cycle prior to earth landing shock. 

b. The vibration and acceleration environments may be interchanged, 
o. Environments A. through Jd. may be conducted in any sequence. 

3.2.1.4 Examination of Equipment. The GAN system shall be visually inspected for mec h ani c a l 
discrepancies before and after being subjected to each environmental exposure. 

3.2.1.5 Test Conditions. The input excitation and output loading of the GAN system shall be 
in accordance with the applicable FTM. Cold plates shall be utilized per normal CM equip¬ 
ment installation and the coolant temperature and flow rate shall be in accordance with the 
applicable FTM, provided the interface temperature of the equipment under test does not 
exceed the maximum allowable specified on the ICD (Interface Control Document). 

3.2.1.6 Performance. Unless otherwise specified in the test plan, the GIN system shall 
meet the requirements of the applicable FTM before, during where specified, and after 
exposure to each environment. 

3.2.1.7 Witnessing Personnel. The NASA representative or his designated alternate shall 
be notified of all tests in advance of their scheduled performance. 

3.2.2 Block 1100. One Block 1-100 GIN system shall be subjected to die qualification test 
as outlined in paragraph 3.2.1.2 and as detailed herein. 

3.2.2.1 Ground Temperature. The GAN system shall be subjected to the ground high and low 
temperature test of paragraph 4.2.4.1 and 4.2.4.2. The system shall be operational during the 
periods indicated. During the operational periods of the cycle, the system shall be functionally 
checked in accordance with the FTM within the limits imposed by the confines of the chamber 
and the operational time limit. During the non-operational storage temperature conditions all 
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coolant and power (except that required for normal heat, auapene lon, etc .) stall beoft ^ 
an minute. orior to each functional check, aa identified in paragraph 4.2.4.2 coolant 
to LL Wipment. with heat exchangers or cold plate.. The «x>lant 
flow rate and inlet temperature .hall be controlled so that prior to and °* 

temperature functional the coolant .hall maintain the heat exchanger or cold plate at the 
miwimnni allowable ICD* temperaturet and prior to and Airing the high temperature tor 
ttonal teat and heat exchanger or Interface cold plate ahaU be at die maximum aUowable by 
ICD**0*F -10‘F. During the low temperature storage oondlttons auxUlnry means may 
be used to maintain IMU platform temperature. (This Includes using die coolant temperature 

be uaed until .UbUlty In the operational mode ta. been reached., 

•Block WOO Thermal ICD MH01-01241H416 

3 2 11 Oxygen, Overpressure. Temperature and 1% Salt Fog. The GAN system stall be 
aubiected to^Toxyge^overpresaure, temperature and 1% salt fog environment of paragraph 

a a.4.1 and 4 S 4 It. Durti* this test the system shall be operated In all equipment mod— 

?£££££«i£u«Uy - possible. The optic, normally expoaed to ^rnri CM ««riron- 
me nts shall be protected from the environment by oovera or similar means, and the OUA shall 
be initially purged with dry nitrogens 

s I.,., Humidity. The GtN system shall be subjected to the humidity test of paragraph 
4 . 14.1 met 4.1.Z*. During this test die system shall be operated In 
andexer^ed - thoroughly - possible, except during the portion 

temperature is above 100'F. During the portion of each cycle where tin 
temperature to above 100*F, die equipment shall be off, exoeptfor oocLantflow andpwer 
required for normal heat, -.pension, etc. The optic, normally expo-dto externa lCM 
environments shaU be protected from the environment by covers or similar means, and 
the OUA .hafl be initially purged with dry nitrogen. 

3.2.2.4 Thermal Vacuum (CM System Design Limit Level), The OUI **•*•■•**“* , 
subjected to the design limit thermal-vacuum conditions of paragraph 4.2.4.1 and4.2. . 
except that the OUA shall be expo-d to the same condition, - the 

system, and wUl not be subjected to solar radiation, l.e., steps, i, J, ®^f"**2* 

4.2.4.3 shall not be conducted. During the environments tont n^iu^ ^ ^toa ^l^ 
operated in all modes, exercised as completely as poesibla, and the p erforms-. m ramamo 
In a ^rAmn. with the FTM within the limits Imposed by the chamber ooanri 

If the test sequence to interrupted the system shaU be functionally checked badsre *e 
U reinitiated. 

During step. b o, for 10 hour, minimum of .top. d of paragraph 4.1.4.2 to. coolant 
^ temperature .tall be oontroltod -oh that the D.U * 
system cold plate Interface temperature, stall be the maximum 
temoerature. +0*F. -10*F. For 10 hour, during .top f of paragraph 4.2.4.2. to. IMU 
eM^Z d toe .ytern cold plate interface temperature, .hall be maintain* at*, minium 
aUowable ICD* interface temperature, (maximum flow rate, minimum Intel temperature). 


•Block I-100 Thermal ICD MH01-01240-410. 
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3.2.2.5 EMI. Hie GAN system shall be subjected to the EMI test of paragraph 4.2.6. 
During this test the equipment shall be operational in all equipment modes and exercised 
as completely as possible. Out-of-tolerance conditions shall be recorded and considered 
by the Test Review Board. Modification shall be made only after an incompatibility with 
other systems and other CM equipment is found. 

3.2.2.6 Launch Vibration. The GAN system shall be subjected to the launch vibration 
profiles as follows: 

EQUIPMENT 

a. N/B isolator mounted, with bellows, IMU, 
and OUA less eyepieces. 


b. Remaining GAN Equipment 


e. Eyepieces, normal flight storage 
configuration 

The equipment exposed to the same vibration profile may undergo die test in a single group, 
or each component may be exposed individually, with the exception of paragraph 3.2.2.6. a 
which shall be tested as a single group. In either case die system shall be interconnected and 
functioniig normally. During the vibration exposure all equipment shall be operated exeept 
the OUA. Normal system interface conditions shall be present even though the equipment is not 
operational during the exposure. The equipment under test other than the OUA shall be exer¬ 
cised and functionally checked as thoroughly as possible during the exposure. Recording 
instrumentation shall be provided where applicable to monitor system performance. 

3.2.2.7 Launch and Entry Acceleration. The GAN system shall be subjected to the launch 
and entry acceleration tests as specified in paragraphs 4.2.3.1, 4.2.3.2, and 4.2.3.4. The 
entire GAN system may be exposed to the environment at one time except as prohibited due to 
facility considerations, when individual components shall be exposed individually. If components 
are exposed individually, the system shall be interconnected and functioning normally to the 
extent possible within the limits of the centrifuge facility. Diring the acceleration exposure all 
equipment shall be operated except the OUA. Optics eyepieces shall be in a normal flight stowed 
configuration during this test. Normal system interface conditions shall be present even though 
the equipment is not operational during the exposure. The equipment under test, other than the 
OUA, shall be exercised and functionally checked as thoroughly as possible daring the exposure. 
Recording instrumentation shall be provided where applicable to monitor system performance. 

3.2.2.8 Cabin Atmosphere and Thermal Vacuum. The GAN system shall be exposed to the 
Cabin Atmosphere and Thermal Vacuum CM nominal limit test, as described in paragraphs 

4.2.4.1 and 4.2.4.4. Throughout the test, the system shall be interconnected and operational, 
except for 2 hours out of each 24 hour period when all power (except that required for normal 
heat, suspension, etc.) shall be off. During each of the following environments the system shall 
be functionally checked to the greatest extent possible within the limits imposed by chamber 
confinement. 


TEST 

per para. 4.2.1.1 and 4.2.1.2 along 
3 orthogonal N/B axes, except the dura¬ 
tion shall be 12 minutes per axis. 

per para. 4.2.1.1 and 4.2.1.3 along 
3 orthogonal axes, exoept the duration 
shall be 12 minutes per axis. 

per para. 4.2.1.1 and 4.2.1.2 along 
3 orthogonal axes, except the duration 
shall be 12 minutes per axis. 
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a. Dry Oxygen 

b. Salt Spray 

o. Humidity (Nominal) 
d. Thermal Vacuum 


During the environmental steps a. through f. of paragraph 4.2.4.4 for equipment that pene¬ 
trates the CM pressure bull (OUA and bellows), the external portions shall be m aintain ed at 
the same pressure and temperature as the internal CM portions of the equipment. The por¬ 
tions of this equipment that are normally exposed to space conditions shall not be exposed 
to the climatic environmental conditions of salt and humidity. Prior to initiation of the test 
sequence the OUA shall be purged with dry nitrogen. Step g. of paragraph 4.2.4.4 shall be 
conducted on the space exposed portions of the OUA while mai nt ai n ing the CM portions of the 
OUA at room ambient conditions. 


3.2.2.9 Final Vibration (one axis). The G&N system shall be subjected to the launch vibra¬ 
tion profile along one axis as follows: 


Equipment 

a. N/B isolator mounted, with bellows, IMU 
and OUA less eyepieces. 

b. G&N Panel Equipment (IMU oontrol panel, 
CDU, D6C Electronics Assembly, DSKY 
etc.) 

o. AGC and PSA 

d. Eyepieces 

e. Remaining GAN Equipment 


Test 

per paragraph 4.2.1.1 and 4.2.1.2 
along the Z N/B axis only (Figure 4-6). 

per paragraph 4.2.1.1 and 4.2.1.3 
along the axis perpendicular to the 
plane of the panel, or panel on which 
the equipment is mounted. 

per paragraph 4.3.1.1 and 4.2.1.3 
along the X CM axis (Figure 4-6). 

Not required. 

Per paragraph 4.2.1.1 and 4.3.1.3 
along one convenient axis. 


All other conditions of 3.2.2.6 shall otherwise apply, except the vibration shall be per 4.2.1.2 
and 4.2.1.3 (6 minutes per axis, 6 minutes total test exposure time.) 

3.2.3 Block n. One Block II GAN System shall be subjected to the qualification test as 
outlined in paragraph 3.2.1.2 and as detailed herein. 
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3.2.3.1 Ground Temperature. The GUN System shall be subjected to the ground high and 
low temperature test of paragraph 4.2.4.1 and 4.2.4.2. The system shall be operational 
during the periods indicated. During the operational periods of the cycle the system shall 
be functionally checked in accordance with PS2015000 within the limits of the chamber con¬ 
fines and die operational time limit. During the nonoperational storage temperature condi¬ 
tions all coolant and power (except that required for normal heat, suspension, etc.) shall 

be off. For 30 minutes prior to each functional check, as identified in paragraph 4.2.4.2, ' . .! 

coolant shall be supplied to those equipments with heat exchangers or cold plates. The cool¬ 
ant flow rate and inlet temperatures shall be controlled so that prior to and during the low 
temperature functional, the oooling capacity shall be the minimum allowable by the ICD*, 
and prior to and during the high temperature functional test die heat exchanger or interface 
cold plate temperature shall be at the maximum allowable by the ICD* 0* F. -10*F. 

♦Block n Thermal ICD MHO1-01349-416. 

3.2.3.2 Oxygen, Overpressure, Temperature and 1% Salt Fog. Conduct the test cycle 
described in paragraph 3.2.2.2. 

3.2.3.3 Humidity. Conduct the Humidity test described in paragraph 3.2.2.3. 

3.2.3.4 Thermal Vacuum (CM System Design Limit Level). The GIN System shall be sutr* 
jected to the Block II Design Limit Thermal Vacuum Test Conditions of paragraph 4.2.4.1 
and 4.2.4.12. 

During the operational periods of the environmental exposure the equipment shall be exercised 
as completely as possible and checked in accordance with PS2015000 within the limits imposed 
by the chamber confines. If the test sequence is interrupted, the equipment shall be function¬ 
ally checked before the test sequence is reinitiated. The system shall utilize airborne oold 
plates which shall be attached to a mounting fixture conductively isolated from the oold plates 
except at the mounting points. All other GIN equipment shall have a fixture-equipment inter¬ 
face of 0*F minimum to 150*F maximum. 

The space exposed portions of the OUA shall be tested to condition h. of paragraph 4.2.4.12. 

This condition may be imposed simultaneously while the CM side of the OUA is undergoing 
the other portions of the test sequence, or it may be exposed individually to this condition 
while the CM side of the OUA is held at room ambient conditions. If the exposure is simultaneous 
with the CM conditions step h. solar radiation exposures shall occur at least once during each 
internal CM temperature condition. 

The cold plate conditions and the system operational condition shall be in accordance with the 
following table. The environmental conditions are for reference only and are defined in para¬ 
graph 4.2.4.12. For a 10 hour period during the low temperature environmental condition, 
the equipment shall be nonoperational. During the nonoperational conditions, all power except 
that required for normal heat suspension etc., shall be off. 
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Test Condition 


Pressure 

System Operation 

Heat Exchanger 

per paragraph 
4.2.4.12 

Temp 

T 

Psia or 
mmhg 

OP or Non OP 

and Cold Plate 
Temp. Conditions* 

a 

75 

6 

Op 

Nominal 

b 

75 

lxlO” 4 

Op 

Nominal 

o 

75 to 150 

1x10-4 

Op 

Nominal 

d 

150 

i xur* 

Op 

Maximum 

e 

150 to 0 

lxlO- 4 

Op 

Nominal Range 

f 

0 

1 x 10 -4 

Op (10 hrs non-Op) 

Minimum 

g 

75 

14.7 

Op 

Nominal 

h 

(-300) 

(1 x 10- 7 ) 

Op during sun off 
conditions 

N/A 


* ICD MHO1-01349-416 shall be used to derive the cold plate and heat 
exchanger requirements as follows: 


Nominal Nominal flow rate and input temperature to all cold plates and IMU 
heat exchanger. 

Maximum Highest inlet temperature, lowest flow rate. The oold plate inter¬ 
face temperature shall be monitored to prevent temperature from 
exceeding that specified in the ICD. The flow rate and/or inlet 
temperature shall be varied to prevent exceeding this temperature. 

yinimnm Lowest inlet temperature, highest flow rate. 


S 2 3.5 EMI. The GIN system shall be subjected to the EMI test of paragraph 4.1.6. During 
this test the equipment shall be operational in all equipment modes and exercised as completely 
as possible. Out-of-tolerance conditions shall be recorded and considered by the Test Review 
Board. Modification shall be made only after an incompatibility with other systems and other 
CM equipment is found. 


3.2.3.6 Vibration. The GIN system shall be subjected to the launch vibration profile as defined 
to paragraph 4.2.1.1 and 4.2.1.2 along the axes defined as follows: 


Equipment Te# * 

a. N/B hard mounted with IMU, Along 3 orthogonal axes 

bellows and OUA less eyepieces. 

b. Remaining equipment, eyepieces Along 3 CM, panel or other convenient axes, 
in normal flight storage compart¬ 
ment 
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The equipment may undergo the test in a single group, or each component may be exposed 
individually, with the exception of paragraph 3.2.3.6a which shall be tested as a single group. 

In either case the system shall be interconnected and functioning normally. During the vibration 
exposure all equipment shall be operated except the OUA. Normal system interface conditions 
shall be present even through the equipment is not operational during the exposure. The equip¬ 
ment under test other than the OUA shall be exercised and functionally checked as thoroughly 
as possible durin g the exposure. Recording instrumentation shall be provided where applicable 
to monitor system performance. 

3.2.3.7 Launch and Entry Acceleration. The GIN System shall be subjected to the launch and 
entry acceleration test as specified in paragraphs 4.2.3.1, 4.2.3.2, and 4.2.3.4, except as 
prohibited due to facility considerations, when individual components may be exposed individually. 
If components are exposed individually, the system shall be interconnected and functioning 
normally to the extent possible within the limits of the centrifuge facility. During the acceleration 
exposure all equipment shall be operated except the OUA. Optics eyepieces shall be in a normal 
flight stowed configuration during this test. Normal system interface conditions shall be present 
even though the equipment is not operational during the exposure. The equipment under test 
other than the OUA shall be exercised and functionally checked as thoroughly as possible during 
the exposure. Recording instrumentation shall be provided where applicable to monitor system 
performance. 

3.2.3.8 Cabin Atmosphere and Thermal Vacuum. Conduct the Cabin Atmosphere and Thermal 
Vacuum test described in paragraph 3.2.2.8. 

3.2.3.9 Final Vibration (one axis). The G4N System shall b. subjected to the launch Ttbratton 
profile as described in paragraph 4.2.1.1 and 4.2.1.2 along ona axis (refereMe Figure 4-8) as 
follows: 


Equipment Test 


N/B hardmounted with bellows, IMU 
and OUA less eyepieces 

Panel and panel mounted equipment 

AGC PSA, Electronic CDU 

Eyepieces 

Remaining GIN Equipment 


Z N/B or convenient test axis approximating 
Z N/B 

Perpendicular to the plans of the panel 
X CM 

Not required 
Convenient test axis 


3.2.3.10 Earth Landing Shock (Where not accomplished on Subsystem Test). The GIN equipment 
shall be subjected to the earth landing shock test of paragraph 4.2.2.5 (where not accomplished 
on previous subsystem test articles). There shall be no separation of any mounting point and no 
complete physical separation of equipment components or parts external to any unit which is 
mounted to the CM structure. Bending and distortion shall be permitted. Functional integrity 
need not be maintained. This test may be performed utilizing simulated hardware, 4. e», dummy 
components of a weight, center of gravity and external mounting configuration identical to actual 
GIN equipment. 
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3.3.4 LEM. LEM system not allocated for test. 

3.3 SUBSYSTEM 

3.3.1 General. The subsystems of the GAN equipment will be subjected to the qualification 
tests as described within this section. One Block I (Series 100) and one LEM System shall 
undergo these tests at the subsystem level. Qualification shall consist of exposure of each 
subsystem of the GAN equipment to one operational cycle at the design limit environmental 
conditions that may be encountered at any point during equipment life, including emergency 
and abort flight phases. Ground environments are included where these are moie severe than 
flight levels. These levels are the extremes to which the equipment has been designed and this 
test program will therefore demonstrate that the GIN hardware will function during, where 
applicable, and following, design limit environmental exposure. Successful completion of one 
operational cycle at these levels shall be required for qualification. 

3.3.1.1 Overstress. Following the one operational cycle at design limits, the equipment shall 
be subjected to selected overstress conditions. These tests shall be conducted to determine 
the GIN equipment design margin of safety with respect to critical environmental conditions. 
The overstress tests defined herein shall not be used as criteria to qualify or disqualify the 
GAN equipment, and may result in permanent degradation or failure. These tests shall be 
conducted in ascending order of severity, such that maximum usable data are derived from the 
program. In addition to overstress environmental conditions, overstresses resulting from 
out-of-tolerance cold plate conditions shall also be investigated. 

3.3.1.2 Equipment. For the purposes of this document the GAN subsystem and components 
thereof are defined according to manufacturer: 

3.3.1.2.1 CM Equipment Block I (Series 100) 

I. Inertial Sub Subsystem (ISS) 

a. Inertial Measurement Unit (IMU) 

b. Power Servo Assembly (PSA) 
o. Star Scanner Electronics 

d. Display and Control Hardware Group (DAC) 

e. Navigation Base (N/B) Assembly 

f. Coupling Display Units (CDU) 

g. Signal Conditioner 

fl. Apollo Guidance Computer Group 

a. Apollo Guidance Computer (AGC) 

b. Display and Keyboards (DSKY's) 
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HL Optical Subsystem {OSS) 

a. Optical Unit Assembly (OUA) 

b. Eyepiece stowage compartment (ESC) with eyepieces and condition light 
assembly. 

3.3.1.2.2 Block IL Block n Subsystems not allocated for test. 

3.3.1.2.3 LEM Equipment 
L Inertial Subsystem 

a. Inertial Measurement Unit and Pulse Torque Assembly (LEM) 

b. Power and Servo Assembly (LEM) 

c. Coupling Data Unit (LEM) 

d. Computer Control and Reticle Dimmer Assembly (LEM) 

e. GIN Interconnect Harness Assembly (LEM) 

L Nav^Base Assembly 

g. Signal Conditioner 

IL Apollo Guidance Computer Group (LEM) 

a. Apollo Display and Keyboard Assembly 

b. Apollo Guidance Computer 

m. Alignment Optical Telescope (LEM) 

3.3.1.3 Design Limit Cycle Test. Tbs following conditions comprise one design limit operational 
cycle. 

L Special Environments 

a. EMI (Block 1-100 AGC and DSKY’s only) 

DL Dynamic Environments 

a. Vibration 

b. Flight Shock or Lunar Landing 

c. Acceleration 
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m, Climatic EnTlronmenta. , 

dm Ground Temperature 

e. Thermal Vacuum 

f. Oxygen * overpressure and temperature 

g. Humidity 

h. Explosion (Requirement Deleted Her B) 

IV. Dynamic Environments 

U Vibration (Requirement Deleted Rev B) 
j. Earth Landli* Shocks* (CM Equipment Only) 

3.3.1.4 Overstress Tests. Following qualification, the GIN equipment shall be subjected to 
overstress tests In Hie following critical environments. 

a. Vibration 

b. Shock (Requirement Deleted Rev B) 
o. Thermal Vacuum 

dm Thermal Induoed Failures (cold plats out-of-tolerance conditions) 

3.3.1.5 Test Sequence. The preferred qualification and overstress test sequence Is shown 
in paragraphs 3.3.1.3 and 8.3.1.4 and Figure 3-1. Variations In the test sequence are 
permitted to facilitate chamber scheduling, personnel, etc., provided that: 

I.-* EMI, where specified,"may he conducted anywhere ta the operational cycle. 

3. The dynamic environments, steps a. through o., precede the climatic tests. 

3. Barth landli« shook. If conducted on operational GAN equipment, he conducted 
foUowli« the completion of the overstress test. (If simulated hardware Is utilised 
for this test, tt may be conducted at any point during the qualification operational 
cycle.) 

• 

3.3.1.3 Examination of Product. Tbs GIN subsystems shall be visually Inspected for mechanical 
discrepancies before and after being subjected to each environmental exposure. 

3.3.1.7 Test Conditions. The required interface conditions, between the GIN subsystem or 
components thereof under test, and other GIN or CM and LEM equipment shall be provided or 
simulated to tbs extent practicable during test. The test item may be exercised using simulated 
airborne equipment or ground support Items; other parts of the same subsystem may be Inter¬ 
connected for function or operational checks. Power Input to the test Item shall be In accordance 
with the applicable PS (Procurement Specification) or FTM (Final Test Method). Unless other¬ 
wise specified, heat sinks and other thermal controls shall also be in accordance with the applicable 
PS or FTM provided the Interface temperature of the equipment under test does not exceed the 
m aximum allowable on the ICD (Interface Control Document). 


♦To be conducted following the overstress test If operational GIN hardware Is utilised. This 
test may be performed utilizing simulated hardware, is., dummy components of a weight, center 
of gravity, external mounting configuration identical to Hie actual GIN equipment. 
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OVERSTRESS TEST SEQUENCE AND EQUIPMENT STATUS 



APOLLO GAN Specification 
ND1002037 REV C 



25 


TEST SEQUENCE AND EQUIPMENT STATUS (Cont'd). 
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3 .3.1.8 Performance. Unless otherwise specified In the test plan, the GIN "qulpnent stoO 
meet the requirements of the applicable PS or FTM before, during where spectfted, and foUowtag 
each environmental exposure. The operational status of each test Item during the environmental 
exposures Is shown In Figure 8-1 for Block I (Series 100) equipment and Figure 3-2 tor LEM 
equipments 

8.8.1.9 Witnessing Personnel. The NASA representative or his designated alternate shall be 
notified of all testa in advance of their scheduled performance. 

8.3.2 Block 1 (Series 100). One Block I (Series 100) set of G*« equipment shall be subjected 

to the qualification design limit operational cycle and the overstress tests as outlined in para 
graphs 3.3.1.3, 8.8.1.4, Figure 3-1, and as detailed herein. 

8.3.2.1 EMI. The Apollo Guidance Computer Group shall be subjected to the EM test of 

paragraph 4.2.6 as Indicated in Figure 3-1. During this test the equipment shall b e ope rational 
and exercised as completely as possible. Out-of-tolerance conditions shall b« "corded and 
considered by the Test Review Board. Modifications shall be made only after lneompatabllity 
with the other subsystems or other CM equipment is found.. 

8.8.2.2 Vibration, Launch. The GhN equipment shall be subject to the launch vibration exposures 
of paragraphs 4.2.1.1, and 4.2.1.2, 4.2.1.3, or 4.2.1.7 as Indicated In Figure 8-1. The OUA 
eyepieces shall be in a normal flight stowage configuration (the vibration of P Bra «” p *' X * 2 
shall apply). The vibration shall be applied along each of three orthogonal axes; the N/B test 
shall be along N/B axes, and all other equipment shall be vibrated along *e CM axes, panel axes, 
or other convenient test axes. The operational equipment shall be exercised and fanct o y 
checked as thoroughly as possible during the exposure. Recording Instrumentation shall be 
provided where applicable to monitor equipment performance. 

8.8.2.8 Vibration - Launch Abort. The GIN equipment shall be subjected to toe laimch Miort 
vibration exposure, of paragraph 4 . 2 . 1.4 or 4.2.1.8 as Indicated in Figure 3-1. AU other 
conditions of paragraph 3.3.2.2 shall otherwise apply. The N/B isolation system shall be 
preloaded with a force equivalent to 20g along the -X NB axis. 

3. 8. 2.4 Shock, Flight The GIN equipment shaU be subjected to tonight shodttestof 

paragraph 4.2.2.2 as Indicated In Figure 3-1. The equipment shall be subjected to one shock 
along each plus and minus direction of each of three orthogonal axes (6 shocks). 

8.3.2.5 Acceleration. The GIN equipment shall be subjected to either the taunch or entry 
acceleration of paragraph 4 . 2 . 3 .2 or 4.2.3.3 as Indicated In Figure 8-1. The °^ **** * 
shall be In a normal flight stowage configuration during this exposure. The operational GIN 
equipment shall be exercised and functionally tested to the greatest extent possible 

limit of the centrifuge facility. Recording Instrumentation shall be provided where applied) 
to monitor equipment performance. 
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8.3.2.6 Ground Temperature. The GIN equipment shall be subject to the ground high and low 
temperature test of paragraph 4.2.4.2 as indicated in Figure 3-1. The equipment shall be 
operated during the periods indicated. During the operational periods of the cycle, the equipment 
shall be functionally checked in accordance with the applicable FTM within the limits imposed by 
the confines of the chamber and operational time limits. During the nonoperattonal storage 
temperature conditions all coolant and power (except that required for the normal heat, suspension, 
etc.) shall be off. For 30 minutes prior to each functional check, as identified in paragraph 

4.2.4.2 coolant shall be supplied to those equipments with heat exchangers or cold plates. The 
coolant flow rate and inlet temperature shall be controlled so that prior to and during die low 
temperature functional the coolant shall maintain the heat exchanger or cold (date at the minimum 
ICD* allowable interface temperature +10 8 F -0°F (or the maximum allowable flow rate and 
minimum inlet temperature shall prevail); and prior to and during the high temperature funct ional 
test the heat exchaiger or interface cold plate temperature shall be at the maximum allowed by 
the ICD* +0°F -10*F. During the storage temperature tests, auxiliary means may he us ed to^ 
maintain the 1MU platform temperature. (This includes using the coolant temperature oouftrol. 
These auxiliary means may be used until stability in the operational mode has been established.) 

* Block 1-100 Thermal ICD MH01-01243-416 

3.3.2.7 Thermal-Vacuum. The GIN equipment shall be subjected to the thermal-vacuum 
conditions of paragraph 4.2.4.3 as indicated in Fig. 3-1. During the environmental exposure 
the equipment shall be exercised as completely as possible and checked in accord with the 
applicable FTM within the limits imposed by ehamber confinement. If the test sequence is 
interrupted the equipment shall be functionally checked before the sequence is reinitiated. 

During the test sequence the portions of the OUA normally exposed to space conditions shall 
be simultaneously exposed to the conditions of i through k, while the portions internal to the 
CM undergoes the conditions of steps a through h of paragraph 4.2.4.3. During steps b, c,' and 
for 10 hours of step d of paragraph 4.2.4.3 the coolant flow rate and inlet temperature shall be 
controlled such that the IMU heat exchanger and the equipment cold plate interface temperatures 
shall be at the maximum allowable ICD* interface temperatures +0*F -10* F. For 10 hours of step 
f. of paragraph 4.2.4.3, the IMU heat exchanger and equipment cold plate interface temperatures 
shall be maintained at the minimum allowable ICD* interface temperatures, (maximum flow rate 
minimum inlet temperature). 

* Block 1-100 Thermal ICD MH01-01249-416 

3.3.2.8 Oxygen, Overpressure and Temperature. The GIN equipment shall be subjected to 
the oxygen overpressure and temperature test of paragraph 4.2.4.8 as indicated in Fig. 3-1. 

All equipment shall be exercised as thoroughly as possible during this exposure. 
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3.3.2.9 Humidity. The GAN equipment shall be subjected to the humidity test of paragraph 

4.2.4.9 as indicated in Table 3-1. During the test all equipment shall be exercised as thoroughly 
as possible except durtig the portion of each cycle where the temperature is above 100°F. During 
the portion of each cycle when the ambient temperature is above 100*F, the equipment shall be 
off, except for coolant flow and power required for normal heat, suspension etc. The optics 
covers shall be in place during this test and the OUA shall be initially purged with dry nitrogen. 

Optics eyepieces will be heated during the test. 

3.3.2.10 Explosion. (Requirement deleted: see paragraph 4.2.5) 

3.3.2.11 Earth Landing Shock. The GAN equipment shall be subjected to the Earth Landing 
Shock test of paragraph 4.2.2.6 as indicated in Figure 3-1. There shall be no separation of 
any mounting point and no complete physical separation of equipment components or parts 
external to any unit which is mounted to the CM primary or secondary structure. Bending 
and distortion shall be permitted. Functional integrity need not be maintained. 

3.3.2.12 Overstress, Vibration. The GAN equipment shall be subjected to the overstress 
vibration conditions as indicated in Figure 3-1. All other conditions of paragraph 3.3.2.2 
shall apply. As this test is not a requirement of qualification, degraded performance shall 
not constitute reason for discontinuance of the test; however, all out-of-tolerance conditions 
shall be reported. 

3.3.2.13 Overstress, Shock. (Requirement deleted. Additional vibration overstress level 
added as a substitute for shock overstress in Rev. B.) 

3.3.2.14 Overstress, Thermal-Vacuum. The GAN equipment shall be subjected to the over¬ 
stress thermal-vacuum environmental conditions of paragraph 4.2.4.5 as indicated in Figure 
3-1. All other conditions of paragraph 3.3.2.7 shall apply. As this test is not a requirement 
for qualification, degraded performance shall not constitute reason for discontinuance of the 
test; however, all out-of-tolerance conditions shall be reported. 

3.3.2.15 Induced Failure Overstress, Cold Plate Out-of-Tolerance Conditions. The GAN 
equipment indicated in Figure 3-1 shall be subjected to the induced failure overstress conditions 
described herein. The equipment shall be normally mounted on the CM or simulated cold plates. 
Ambient air conditions of 75* *5*F and 5 pels shall be maintained during the tests. The equip¬ 
ment shall be operated and exercised in a mode that maximizes heat dissipation. Temperature 
recording instrumentation shall be utilized to monitor cold plate and critical equipment temperatures 
where applicable and aooessable. Care shall be exercised to prevent instrumentation from inter¬ 
fering with equipment operation and normal heat transfer mechanisms. Initial performance 
parameters shall be established at nominal cold plate conditions (step a. below) and shall be compared 
with the requirements of the applicable FTM or PS. Subsequent performance parameters 
measurements shall be compared to these initial readings. Out-of-tolerance conditions with 
respect to the applicable FTM or PS shall be noted, but shall not cause discontinuance of the 
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test unless a catastrophic thermal run-away condition is indicated. The subassemblies, or 
parts thereof, contributing to degradation of performance during the test shall be Identified 
if possible; however, continuation of the test shall take precedence over isolation of the portion 
of equipment causing such degradation during any one step. The test shall be discontinued at 
the point that equipment operation is no longer possible. The following test sequence, which 
comprises the induced failure overstress conditions, may be interrupted between lettered 
steps to facilitate scheduling problems, etc, provided that prior to reinitiating the test sequence, 
step a. is repeated to reestablish the measurement base. Critical performance parameters 
shall be monitored during the entire test sequence. 

a. Four (4) hours at nominal coolant temperature and flow rate conditions during which 
performance criteria are measured. 

b. Four (4) hours at maximum coolant inlet temperature specification limit +0*-3*F and 
minimum flow rate specification limit during which performance criteria shall be 
measured and compared to that of step a. 

c. Same as step b. except the time shall be two hours and the temperature of the coolant 
shall be increased 10* *3*F. 

d. Same as step b, except the time shall be two hours and the temperature of the coolant 
shall be increased 20**3*F. 

e. Same as step b, except the time shall he two hours and the temperature shall be 
increased 30* *3*F. 


f. Repeat step a. 

g. Same as step b, except the time shall be two hours and the flow rate shall be reduced 
15*6%. 

h. Same as step b, except the time shall be two hours and the flow rate shall be reduced 
30*5%. 

i. Same as step b, except the time shall be two hours and the flow rate shall be reduced 
50*5%. 


3.3.3 LEM. One LEM set of GftN equipment shall be subjected to the qualification design limit 
operational cycle and the overstress tests as outlined in paragraphs 3.3.1.3, 3.3.1.4, Figure 
3*2 and as detailed herein. 


30 



APOLLO OAK Specification 
ND1002037 REV C 


3 3.3.1 Vibration Launch. The LEM GAN equipment shall be subjected to the launch vibration 
exposures of paragraphs 4.2.1.11, 4.2.1.12 or 4.2.1.14 as indicated in Figure 3-2. The 
vibration shall be applied along each of three orthogonal axes; preferably along the LEM axes 
of Figure 4-7 or with one toot axis perpendicular to the mounting surface of the test item. All 
equipment shall be exposed in the non- operational condition with all power, coolant, etc., off 
(except IMU heater power). At a minimum, a short on-site performance check shall be conducted 
following each axis of vibration. For each axis of vibration the non- operational launch vibration 
test may proceed the operational lunar descent and ascent exposures along that axis; prior to 
proceeding to the next axis of vibration. 

3.3.3.2 Vibration Lunar Descent and Ascent. The LEM GIN equipment shall be subjected to the 
LEM descent and ascent vibration exposures of paragraphs 4.2.1.13 as indicated in Figure 3-2. 

The vibration shall be applied along each of three orthogonal axes, as defined in paragraph 3.3.8.1. 
The operational equipment shall be exercised and functionally checked as thoroughly as possible 
during the exposure. Recordii* instrumentation shall be provided where applicable to monitor 
equipment performance. 

3.3.3.3 Shock, Lunar Landing. The LEM GIN equipment shall be subjected to the lunar landing 
shock tost of paragraph 4.2.2.3 as indicated in Figure 3-2. The equipment shall be subjected to 
one shock along each plus and minus direction of each of three orthogonal axes (6 shocks). 

3.3.3.4 Acceleration. The GIN equipment shall be subjected to the acceleration of paragraph 

4.2.3.5 or 4.2.3.6 as indicated in Figure 3-2. The GIN equipment shall be exercised and 
functionally tested to the greatest extent possible within the confines of the centrifuge facility. 
Recording instrumentation shall be provided where applicable to monitor equipment performance. 

In paragraph 4.2.3.1, atop a shall be a non-operatlonal simulation of acceleration during launch. 
Step b is an evaluation test of the equipment. Step c is operating but with no performance require¬ 
ments during lunar landing shock simulation. 

8.3.3.5 Ground Temperature. The LEM GIN equipment shall be subjected to the ground high 
and low temperature test of paragraph 4.2.4.2 as indicated in Figure 3-2. The equipment shall 
be operated during the periods indicated. During the operational periods of the cycle, the equip¬ 
ment shall be functionally checked in accordance with the applicable PS within the limit Imposed 
by the confines of the chamber and operational time limit. During the non-operational storage 
temperature conditions all coolant and power (except that required for the normal heat, suspension, 
etc.) shall be off. For 30 minutes prior to each functional check, as identified in paragraph 

4.2.4.2 coolant shall be supplied to those equipments with heat exchangers or cold plates. The 
coolant flow rate and inlet temperature shall be controlled so that prior to and during the low 
temperature functional the coolant shall maintain the heat exchanger or cold plate at the minimum 
ICD* allowable interface temperature +10°F -O’F, (or the maximum flow rate and the minimum 
Inlet temperature shall prevail); and prior to and during the high temperature functional test the 
heat exchanger or interface cold plate temperature shall be at the ma xim um allowable by the ICD* 
■fO*F -10°F. 

*LEM Thermal ICD LIS 510-10001 
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3.3.3.6 Thermal Vacuum. The LEM GfcN equipment shall be subjected to the thermal vacuum 
condition of paragraph 4.2.4.6 as indicated in Figure 3-2 and as detailed herein. During the 
exposure the equipment shall be operational during the specified times during which it shall be 
exercised as completely as possible and checked in accordance with the PS within the limits 
imposed by chamber confinement. At all other times all coolant, power, etc., including gyro 
suspension shall be off (IMU heater power shall be on to maintain platform temperature). If 
the test sequence is interrupted, the equipment shall be functionally checked prior to reinitiating 
the test sequence. The equipment shall be mounted on air-borne cold plates where normally 
provided, which shall be attached to a mounting fixture conductlvely isolated from the cold plate 
except at the mounting points. Non cold plate mounted GIN equipment shall have a fixture 
equipment interface of 0°F minimum to 150°F maximum. 

The space exposed portions of the AOT external to the meteor shield shall be tested to condition 
g. simultaneously while the internal meteor shield and cabin portions are exposed to the LEM 
conditions a. through f. of paragraph 4.2.4.6. (Except the internal meteor shield portions shall 
be exposed to the space pressure conditions). 

The equipment operational conditions shall be in accordance with the following table. The AOT 
shall be checked intermittently during long duration operational exposures. The environmental 
conditions in the following table are for reference and are defined in paragraph 4.2.4.6. 


Test Condition 
per para. 4.2.4.6 

Temp. *F 

Pressure 

Psia or mmhg 

Equipment 

Operational 

Status 

Od or NonrOo 

Heat Exchanges 
Cold Plate 
Conditions 

a. 

75 - 

14.7 

Op 

Nominal 

b. 

130 

1 x 10-7 

Non-Op 

Off 

c. 

0 

1 x 10"7 

Non-Op 

Off 

d. 

160 

1 x 10-7 

Op 

Maximum 

e. 

0 

1 x 10“7 

Op ft Non-Op** 

Minimum and 
Off 

i. 

75 

5 

Op 

Nominal 

g- 

(-300) 

(1 x 10-7) 

— 

N/A 


♦ICD LIS 510-10001 shall be used to derive the cold plate and heat exchanger requirements 
as follows: 


Nominal Nominal flow rate and input temperature to all cold plates and IMU heat 
exchanger. 

Maximum Highest inlet temperature, lowest flow rate. The cold {date interface 

temperature shall be monitored to prevent temperature from exceeding that 
specified in the ICD. The flow rate and/or inlet temperature shall be varied 
to prevent exceeding this temperature. 
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Minimum Lowest inlet temperature, highest flow rate 
Off No coolant flowing 

** Four (4) hours after establishing condition e (1 x 10" 7 ) mmhg, 0*F ooldwall) with the 
equipment operatic, a 4 hour non-ope rational period shall oocur. During this non- 
operational period, all coolant, power, etc., including gyro suspension shall be off, 

(1MU heater power shall be on to maintain platform temperature.) During the final 
1/2 hour of the 4 hour non-operatlonal period the coolant shall be circulated at the 
minimum condition, following which the GIN equipment shall be energized and maintained 
in an operational status for the remainder of the test. 

3.3.3.7 Oxygen Overpressure and Temperature. The LEM GIN equipment shall be subjected 
to the oxygen overpressure and temperature test of paragraph 4.2.4.8 as indicated in Figure 
3-2. All equipment shall be exercised as thoroughly as possible during this exposure. 

3.3.3.8 Humidity. The LEM GIN equipment shall be subjected to the humidity test of paragraph 
4.2. 4. 9 as indicated in Table 3-2. During the test all equipment shall be exercised as thoroughly 
as possible except duriiM the portion of each cycle where the temperature is above 110*F. During 
the portion of each cycle when the ambient temperature is above 110° F, the equipment shall be off, 
except for coolant flow and power required far normal heat, suspension, etc. The portion of the 
AOT internal to the LEM shall be subjected to this test while holding the external (space) portion 
at room ambient conditions. 

3.3.3.9 Overstress, Vibration. The LEM GIN equipment shall be subjected to the overstress 
vibration conditions as indicated in Figure 3-2. All other conditions of paragraph 3.3.3.2 shall 
apply. As this test is not a requirement of qualification, degraded performance shall not con¬ 
stitute reason for discontinuance of the test; however, all out-of-tolerance conditions shall be 
reported. 

3.3.3.10 Overstress, Thermal-Vacuum. The LEM GIN equipment shall be subjected to the 
overstress thermal-vacuum environmental conditions of paragraph 4.2.4.7 as indicated in 
Figure 3-2. All other conditions of paragraph 3.3.2.6 shall apply. As this test is not a require¬ 
ment for qualification, degraded performance shall not constitute reason for discontinuance of 
the test, however, all out-of-tolerance conditions shall be reported. 

3.3.3.11 Induced Failure Overstress, Cold Plate Out-of-Tolerance Conditions. The GIN 
equipment indicated in Figure 3-1 shall be subjected to the induced failure overstress conditions 
described herein. The equipment shall be normally mounted on the LEM air-borne cold plates. 
Ambient air conditions of 75* ±5*F , and room ambient pressure shall be maintained during the 
tests. The equipment shall be operated and exercised in a mode that maximizes heat dissipation. 
Temperature recording instrumentation shall be utilized to monitor cold plate and critical equip¬ 
ment temperatures where applicable and accessible. Care shall be exercised to prevent instru¬ 
mentation from interfering with equipment operation and normal heat transfer mechanisms. 
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Initial performance parameters shall be established at nominal cold {date conditions (step a. 
below) and shall be compared with the requirements of the applicable PS. Subsequent performance 
parameter me asurements shall be compared to these initial readings. Out-of-tolerance conditions 
with respect to the applicable PS shall be noted, but shall not cause discontinuance of the test 
unless a catastrophic thermal run-away condition is indicated. The subassemblies, or parts 
thereof, contributing to degradation of performance during the test shall be identified if possible; 
however, continuation of the test shall take precedence over isolation of the portion of equipment 
causing such degradation during any one step. The test shall be discontinued at the point that 
equipment operation is no longer possible. The following test sequence, which comprises the 
induced failure overstress conditions, may be interrupted between lettered steps to facilitate 
scheduling problems, etc., provided that prior to reinitiating the test sequence, step a, is 
repeated to reestablish the measurement base. Critical performance parameters shall be 
monitored during the entire test sequence. The LEM thermal ICD (LIS 510-10001) shall be used 
to establish initial test conditions. 


a. Four (4) hours at nominal coolant temperature and flow rate conditions during which 
performance criteria are measured. 

b. Four (4) hours at maximum coolant inlet temperature specification limit +0-3*F and 
minimum flow rate specification limit during which performance criteria shall be 
measured and compared to that of step a. 

o» Same as step b. except the time shall be two hours and the temperature of the coolant 
shall be increased 10* ±3*F. 

d. as step b. except the time shall be two hours and the temperature of the coolant 
shall be increased 20* ±3°F. 

e. Same as step b, except the time shall be two hours and the temperature shall be 
increased 30* ±3°F. 

f. Repeat step a. 

g. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
15 ±5%. 

h. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
30±5%. 

i. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
50±5%. 
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3.4 SUBASSEMBLIES 

3.4.1 General. Selected subassemblies will be subjected to the qualification program as 
described within this section, hi general, subassembly qualification shall be accomplished at 
design limit environmental stresses, and where applicable for a single operational cycle. Life 
conditions, where parameter drift is a major consideration, is for this program considered an 
environmental stress, and is included in the test program. 

3.4.1.1 Overstress. Following the qualification test cycle, the subassemblies shall be subjected 
to selected overstress conditions when applicable. The overstress tests shall be conducted where 
there is insufficient prior engineering evaluation data available to determine the design margin 

of safety. These tests shall not be used as criteria for qualification or disqualification of the 
G&N equipment and permanent failure may result from exposure to the high environmental stress 
conditions. 

3.4.1.2 Equipment. The subassemblies to be tested as described herein are identified in 
contractor technical directives. 

3.4.1.3 Test Matrix and Sequence. The test matrix identifying the environmental stresses to 
which each type of module shall be subjected is shown in Figure 3-3 and 3-4. The test sequence 
may be altered to facilitate chamber scheduling and permit efficient test conduct. 

3.4.1.4 Examination of Product. Each subassembly shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental exposure. Particular 
attention shall be given to connectors and interconnection points. 

3.4.1.5 Test Conditions. The subassembly test conditions shall simulate the mounting inter¬ 
connection, and thermal control such as heat sinks or cold plates that would normally be seen 
as a part of its higher G&N level of assembly. That is, unless otherwise specified, GME 
(Gimbal Mounted Electronics) subassemblies shall be maintained on a heat sink of 135±2*F, and 
PSA and AGC subassemblies shall be mounted on a heat sink which is maintained at the nominal 
temperature in accordance with system requirements. The remaining modules, OUA, D&C, 
etc. shall be normally mounted to a holding fixture and unless otherwise specified tested at room 
ambient conditions. The subassemblies shall be exercised and operated utilizing standard 
laboratory instruments or ground test equipment. Interconnection points on the subassemblies 
shall be mated utilizing normal airborne mating connectors. Power input shall be in accordance 
with the applicable PS or FTM. The type of test program that a particular module will undergo 
is dependent upon operation and location of the module. Conditions have been modified to con¬ 
sider the location of the subassemblies in their normal GIN packaged location. Therefore, in 
many cases the climatic conditions are less severe or nonexistent than higher level of assembly 
equipment due to hermetic or environmental seals in the end item equipment. • 
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3.4.1.9 Performance. Unless otherwise specified In the test plan, the subassemblies shall 
meet the requirements of the applicable PS or FTM before, during where specified, and following 
each environmental exposure. The equipment shall be operational during all test phases, unless 
otherwise noted in the test plan* 

3.4.1.7 Witnessing Personnel. The NASA representative or his designated alternate shall be 
notified of all test phases In advance of their scheduled performance. 

3.4. S Block I (Series 100). The GW subassemblies shall be subjected to the qualification design 
limit environmental stresses and the overstress tests as outlined In Figure 3-3 and as described 
herein. 

3.4.3.1 Thermal-Vacuum. The GW equipment shall be subjected to the thermal vacuum test 
of paragraph 4.3.4.10 as Indicated In Figure 3-3. During the exposures the subassemblies shall 
be energised and the performance checked in accordance with the applicable FTM or PS, except 
for a two (3) hour period at each of steps c., d., L , and g. of paragraphs 4.2.4.10.1 and 
4.3.4.10.3 durii« which time all power shall be off. If the test sequence Is Interrupted the 
subassembly shall be functionally checked before the sequence Is reinitiated. The subassemblies 
shall be mounted on a beat sink simulating actual system usage. The heat sink - subassembly 
Interface temperature shall be maintained at each condition of paragraph 4.2.4.10.1 and 4.2.4.10.2 
In accordanoe with the following table: 


Test Condition of 
paragraph 4.3.4.10.1 
or 4.3.4.10.3 

a. 

b. 

o. 

d. 

e. 

f. 
g- 
h. 

1 . 


CDU, DSKY, and CM 
structure mounted sub- 
assembly heat sink 
Temperature *F 

75 

130 

130 

130 

20 

20 

20 

75 

75 


PSA, DftC, and 
AGC subassembly 
heatsink 
Temperature *F 

75 
105 
105 
105 
55; 

55 
55 
75 
75 


OUA subassembly 
heat sink Temp. 
•F 


75 

140 

140 

140 

20 

20 

20 

75 

75 


All above temperatures ±5*F 
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3.4.2.2 Humidity. The GAN subassemblies shall be subjected to the humidity test of paragraph 
4.2.4.9 as indicated in Figure 3-3. During the test the subassemblies shall be exercised as 
thoroughly as possible and performance shall be checked against the applicable FTM or PS. The 
equipment shall be operational for 22 hours during each 24 hour cycle. During the 2 hour off 
period, which may occur at any point in the cycle, all coolant flow to heat sinks and power shall 
be off. 


3.4.2.3 Acceleration. The GAN subassemblies shall be subjected to the accleratton environment 
of paragraph 4.2.3.3 as specified in Figure 3-3 except the 20±1 g shall be applied along each 
plus and minus direction of each of three orthogonal axes of each subassembly. All equipment 
shall be operational and the performance checked in accordance with the applicable PS or FTM, 
unless otherwise specified in the detailed test plan. 

3.4.2.4 Vibration. The GAN subassemblies shall be subjected to the launch vibration of 
paragraphs 4.2.1. A, 4.2.1.15, or 4.2.1.16 as Indicated in Figure 3-3. All equipment shall 
be operational except the OUA subassembly. The vibration shall be applied along each of three 
orthogonal axes, one of which shall be perpendicular to the normal mounting plane of the sub- 
assemblies. 

3.4.2.5 Shock. The GIN subassemblies shall be subjected to the flight shock test of paragraph 
4.2.2.2 in accordance with Figure 3-3. The equipment shall be subjected to one shock along 
each plus and minus direction of each of three orthogonal axes (6 shocks) one of ahlch shall be 
perpendicular to the normal mounting plane. 

3.4.2.6 Endurance. The GAN subassemblies, as specified in Figure 3-3 shall be subjected to 
the endurance test as described herein. Each subassembly shall be mounted on a fixture or 
heat sink in accordance with paragraph 3.4.1.5. Throughout the test duration the test item 
shall be operational and the output parameters shall be monitored to determine drift with respect 
to time and environmental stress conditions. 

The endurance test shall be 5 endurance cycles (approximately 1000 hours). Each endurance 
cycle shall consist of two phases, one simulating periodic vibrational stress and the second 
thermal pressure environment. Each phase shall consist of five test cycles (24 hours each). 
Figure 3-4 identifies the conditions during each type of test cycle and is further described 
herein: 
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PRESSURE AT 5 ±2 PSIA CONSTANT 


• ASSEMBLIES ENERGIZED— 


! ! 
-Jass'y' 


1S0*F 
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JgizedI 


77* F 


|#-FCT. CHECK5*mI 


I 


77* F 


-4- 


-I 


32*F/ 


I 

|«- KT CHECKS*] 2Hr|*- 

_LL 


-A TYPICAL 24 HOUR TEST CYCLE TEMP-PRESSURE - 




TEMPERATURE-PRESSURE TEST CYCLE 


PRESSURE: SEA LEVEL, EXCEPT WHEN FUNCTIONAL 
CHECKS ARE PERFORMED 
TEMP*. ROOM AMBIENT 

vt^VIBRATION |15 MINUTES PER 24HOUR CYCLE) 



■f < ASS'Y energized 

i FCTCHECKS r | 

l.fCT CHECKS^ 

“ AT 5 PSIA " 

Jr 


ASS*Y DE-ENERGIZED AT 5 PSIA __ 

v - 

-1 


2HRM- 


> A TYPICAL 24HOUR TEST CYCLE VIBRATION- 

VIBRATION TEST CYCLE 


NotM: 1) FIVE 24 HOUR TEMP-PRESSURE TEST CYCLES, PLUS FIVE 24 HOUR 
VIBRATION TEST CYCLES IS ONE ENDURANCE CYCLE. 

2) FIVE ENDURANCE CYCLES CONSTITUTE THE ENDURANCE TEST 
(APPROXIMATELY 1000 OPERATING HOURS). 


FIG. 3-4 ENDURANCE TEST SUBASSEMBLIES 
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CDU, 

PSA A DIC 
Module# 

Design Limit Test and 


Sequence 

Vibration 4.2.1.16 

Shock 4.2.2.2 

Thermal Shock 4.2.4.13 

Thermal Vacuum 4.2.4.10 

Humidity ^ ® 

Endurance 3.4.3.6 

Overstress 

Vibration 4.2.1.17 


•Oscillator Module Only 


AGO 

Modules 

GME 

Modules 

OUA 

Modules 

4.2.1.16 

4.2.1.6 

4.2.1.15 

4.2.2.2. 

4.2.2.2 

4.2.2.2 

4.2.4.13 


4.2.4.13 

4.2.4.10 


4.2.4.10 

4.2.4.9 



3.4.3.7* 
3.4.S.6 

3.4.3.6 


4.2.1.17 


4.2.1.17 


FIGURE 3-4. a BLOCK H AND LEM SUBASSEMBLY QUALIFICATION 
TEST AND OyERSTRESS ENVIRONMENTAL CONDITIONS 


3.4.2.6.1 Temperature-Pressure Cycle 

a. Start test at 77*6* F temperature and atmospheric pressure (during first cycle only). 
Test samples energised at all times except the last 2 hours at each cycle. 

b. Evacuate chamber to 5*2 psia (temperature 77*5*F). Hold lor 3 hours. 

o. Raise temperature to 150±5*F. Hold for 2 hours (including temperature change 
interval). 

d. Lower temperature to 32±6‘F. Hold for 2 hours (including temperature change 
interval.) 
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e. Increase temperature to 77±5*F. Hold for the remainder of this cycle. 

f. De-energize test samples during the last two hours of cycle. 

g. Functional tests will be performed prior to and after step f. 

h. At least one major parameter of each assembly will be monitored during the steps 

b. through e. 

3.4.2.6.2 Vibration Test Cycle. 

a. Ambient temperature shall be 77±5*F throughout the cycle. 

b. Ambient pressure is atmospheric throughout the cycle, except when functional 
tests are performed. In the latter case the air pressure shall be 5*2 psia. 

c. Test samples will be de-energized during last two hours of cycle. 

d. Once each cycle, lest samples will be subject to 3.5 g rms sinusoidal vibration 
(total displacement limited to 0.3 inch double-amplitude along the axis of maximum 
acceleration). The sweep frequency will be varied logarithmically at a rate of one 
octave per minute from 10-1000-10 cps for a total of 15 minutes. 

e. Functional tests will be performed before and after exposure to vibration. 

f. During vibration test cycle at least one major parameter of each assembly will be 
monitored for intermittent changes in magnitude and indications of malfunctions. 

3.4.2.7 Thermal-Vacuum Overstress (Requirement deleted Rev. B) 

3.4.2.8 Vibration Overstress. The subassemblies specified in Figure 3-3 shall be subjected 
to the vibration overstress of paragraph 4.2.1.17. All other conditions of paragraph 3.4.2.4 
shall otherwise apply. As this test is not a requirement for qualification, degraded performance 
shall not constitute reason for discontinuance of the test; however, out-of-tolerance conditions 
shall be reported. 

3.4.2.9 Shock Overstress (Requirement deleted Rev. B) 

3.4.2.10 Long Term Aging Stability Test (Endurance). The GIN subassemblies shall be installed 
on a cold plate in accordance with paragraph 3.4.1.5 and shall be operated throughout the test 
sequence. Room ambient pressure shall be maintained throughout the test and ambient temperature 
shall be varied simultaneously with the cold plate in the following manner. 
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a* Four hours at 100±4 # F. 

b. Decrease the temperature to 0*4* F in one hour maximum. 

c. Maintain 0±4*F for four hours. 

d. Raise the temperature to 100±4*F in one hour maximum. 

The above sequence represents one cycle. This cycle shall be repeated to accumulate 1000 
hours minimum of operational time on the subassemblies. During the 100±4*F temperature 
phase of one cycle the performance of the unit shall be checked once per day. 

3.4.3 Block II and LEM. The GIN subassemblies shall be subjected to the qualification design 
limit environmental stresses and the overstress tests as outlined in Figure 3-4. a and as described 
herein. 

3.4.3.1 Vibration. The GAN subassemblies shall be subjected to the launch vibration of para¬ 
graphs 4.2.1.6, 4.2.1.15, or 4.2.1.16 as Indicated in Figure 3-4 a All equipment shall be 
operational except OUA subassemblies. The vibration shall be applied along each of three 
orthogonal axes, one of which shall be perpendicular to the normal mounting plane of the sub- 
assemblies. 

3.4.3.2 Shook. The GAN subassemblies shall be subjected to the flight shock test of paragraph 

4.2.2.2 in accordance with Figure SHLa. The equipment shall be subjected to one shock along 
each plus and minus direction of each of three orthogonal axes (6 shocks) one of which shall be 
perpendicular to the normal mounting plane. The equipment shall be operational and a suitable 
parameter monitored to detect short term discontinuities. 

3.4.3.S Thermal Shock. The GAN subassemblies shall be subjected to the thermal shock test 
of paragraph 4.2.4.13 as specified in Figure 3-4*a. The equipment shall be non operational for 
this exposure. 

3.4.3.4 Thermal Vacuum. The GAN equipment shall be subjected to the thermal vacuum test 
of paragraph 4.2.4.16 as indicated in Figure 3-4»a. During the exposures the subassemblies 
Stoll be energized and the performance checked in accordance with the applicable PS except 
for a two (2) hour period at each of steps o. v d., f., and g. of paragraphs 4.2.4.10.1 and 

4.2.4.10.2 during which time all power shall be oil. If the test sequence is Interrupted the 
subassembly shall be functionally checked before the sequence is reinitiated. The subassemblies 
shall be mounted on a heat sink simulating actual system usage. The heat sink-subassembly 
interface temperature shall be maintained at each condition of paragraph 4.2.4.10.1 and 4.2.4.10.2 
in accordance with the following table: 
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DIC, DSKY, and CM 
structure mounted 

CDU, PSA and 

OUA sub¬ 

Test condition of 

subassembly heat 

AGC subassembly 

assembly heat 

paragraph 4.2.4.10.1 

sink Temperature 

heat sink Temperature 

sink Temperature 

or 4.2.4.10.2 

•F 

•F 

•F 

a 

75 

75 

75 

b 

130 

105 

140 

0 

130 

105 

140 

d 

130 

105 

140 

e 

20 

32 

20 

f 

20 

32 

20 

g 

20 

32 

20 

h 

75 

75 

75 

1 

75 

75 

75 


Ail above temperature ±6°F 

3.4.3.5 Humidity. The GIN subassemblies shall be subjected to the humidity test of para¬ 
graph 4.2.4.9 as indicated in Figure 3-4»a. During the test the subassemblies shall be exercised 
as thoroughly as possible and performance shall be checked against the applicable PS. The 
■Kail he operational for 22 hours during each 24 hour cycle. During the 2 hour off 
period, which may ocour at any point in the cycle, all coolant flow to heat sinks and power shall 
be off. 


3.4.3.6 Enduranoe. The GAN subassemblies, as specified in Figure 3-4. a shall be sub Jeotedto 
the endurance test as described herein. Each subassembly shall be mounted on a fixture or 
heat sink in accordance with paragraph 3.4.1.5. The heat sink - module interface temperature 
shall be maintained as follows: 

DIO DSKY and CM structure mounted 130*F 

CDU, PSA and AGC 106* F 

OUA 140*F 

The endurance test shall consist of 500 hours of operation in an ambient air temperature of 
150° F and room ambient pressure conditions. Performance tests in accordance with the 
applicable PS shall be conducted every 100 hours. A critical parameter shall be selected 
for each subassembly and monitored on a continuous or sampled basis to determine drift, 
stability, etc. All temperatures *5*F. 

3.4.3.7 Long Term Agti« Stability Test (Endurance). GIN subassemblies as specified in 
Figure 3-4. a shall be installed on a cold plate in accordance with paragraph 3.4.1.5 and shall 
be operated throughout the test. The ambient temperature shall be varied simultaneously with 
the cold plate in the following manner. 
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a. Pour hours at 100*±4*E« 

b. Decrease the temperature to 0^e4*F in one hour maximum. 

c. Maintain 0 # *4*F for four hours. 

d. Raise the temperature to 100**4*F in one hour maximum. 

The above sequence represents one cycle. This cycle shall be repeated to accumulate 1000 
hours minimum of operational time on the subassemblies. During the 100^*Ftemperature 
phases of one cycle the performance of the unit shall be checked once per day. 

3.4.3.8 Vibration Over stress. The subassemblies specified in Figure 3-4. a shall be subjected 
to the vibration overstress of paragraph 4.2.1.17. All other conditions of paragraph 3.4.3.1 
shall otherwise apply. As this test is not a requirement for qualification, degraded performance 
shall not constitute reason for discontinuance of the test; however, out-of-tolerance conditions 
shall be reported. 

3.5 Parts 

3.5.1 General. Parts as defined in Contractor Technical Directives shall be subjected to the 
qualification testiig in accordance with their detailed SCD (Specification Control Drawing) or 
PS (Purchase Specification) and the general test criteria as established in the applicable part 
qualification specification. 

The controlling document for each individual part qualification test shall be applied in the 
following order of precedence: 

1. QAA (Qualification Status Sheet) 

2. Part Qualification Plan-and Detailed Test Procedure 

3. SCD (Specification Control Drawing) 

4. PS (Purchase Specification) 

5. Applicable Qualification Specification 

6. Applicable Military Specification 

3.5.2 Block 1100. The Block 1100 GAN parts identified and listed in individual contractor 
Technical Directives shall be qualified in accordance with paragraph 3.5.1. 

3.5.3 Block n. The Block B GAN parts identified and listed in individual contractor Technical 
Directives shall be qualified in accordance with paragraph 3.5.1. 

3.5.4 LEM . The LEM GIN parts identified and listed in individual contractor Technical 
Directives shall be qualified in accordance with paragraph 3.5.1.. 
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4. TEST CRITERIA 

4.1 GENERAL. Thia section contains the detailed definitions of the specific environmental 
test levels and other criteria applicable to the environmental stress determination for tests 
as required in Section 3. 

4.2 ENVIRONMENTS 

4.3.1 Vibration 

4.2.1.1 General. Vibration test shall be conducted in accordance with the following paragraphs 
of Standard MIL-8TD-810, Method 614.1; Procedure I, Random Vibration; Control and Analysis 
of Random Vibration paragraph 9.3, Vibration Input Control paragraph 9.4 and Transducer 
Mounting paragraph 9.5 of Section 9 entitled Test Details and Techniques. Tolerance limits 
between 10 ops and 50 ops shall be ±3 db. In the event the ±1.5 db from SO cps to 1000 cps 
cannot be met with exists facilities, the tolerance may be broadened to ±3 db providing the 
overall g rms level is held to ±10 percent. 

4.2.1.2 Launch, CM Primary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 1 Figure 4-la far 6 minutes 
minimum per axis. 

4.2.1.3 Launch, CM Secondary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 1 launch of Figure 4-2 for 6 
minutes minimum per axis. 

4.2.1.4 Launch Abort, CM Primary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 2 Figure 4-la for 30 seconds 
minimum per axis. 

4.2.1.5 Launch Abort, CM Secondary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 2 launch abort of Figure 4-2. The 
exposure time shall be 30 seconds per axis. 

4.2.1. • CM Qtmbal Mounted Hardware (QME, etc). Sinusoidal vibration at 9. Og rms limited 
to 0.3-Inch double-amplitude displacement, swept logarithmically from 10 to 2000 ope at a 
rate of one octave per minute. Following this test the following random vibration test shall be 
conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-1 .b» Profile 2, for 6 minutes per axis. 
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CM PRIMARY STRUCTURE; LAUNCH AND ABORT RANDOM VIBRATION 
FIGURE 4-1. a 
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10 100 1000 
. FREQUENCY-CPS 

OUA MODULE AND GIMBAL MOUNTED HARDWARE (GME, ETg.Jt I)AUNCH RANDOM VIBRATION 

FIGURE 4-1. b 







CM SECONDARY STRUCTURE LAUNCH AND ABORT RANDOM VIBRATION:; 
FIGURE 4-2 
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4.2.1.7 Launch CM Equipment Mounted on Isolated Navigation Base {Optical Unit Assembly). 
Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-la, Profile 3; the test duration shall be 6 minutes per axis. 

4.2.1.8 CM Overstress (except OUA)* The vibration overstress shall be accomplished as 
follows: 

a. The vibration level shall be increased 3 db above the applicable launch vibration 
specified in paragraphs 4.2.1.2, or 4.2.1.3. Test duration shall be 2 minutes 
per axis. 

b. The vibration level shall be increased 6 db above the applicable launch vibration 
specified in paragraphs 4.2.1.2 or 4.2.1.3. Test duration shall be 2 minutes per 
axis. 

4.2.1.9 CM Overstress (OUA only). The vibration overstress shall be accomplished in two 
steps as follows: 

a. Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 
in accordance with profile 1. Figure 4-1 for 2 minutes minimum per axis (Block II 
hard mounted configuration)* 

b. The vibration level of step a above shall be increased 3 db and the test repeated. 
Exposure shall be 2 minutes per axis. 

4.2.1.10 (Test Requirement deleted Rev C, paragraph left blank intentionally.) 

4.2.1.11 Launch LEM External Primary Structure Mounted GIN Equipment. To be supplied. 

4.2.1.12 Launch LEM Internal Mounted GIN Equipment. To be supplied. 

4.2.1.13 Lunar Descent and Ascent, LEM Primary.Structure Mounted. To be supplied. 

4.2.1.14 LEM NAV Base Mounted Equipment (AOT). To be supplied. 

4.2.1.15 CM Optical Unit Mounted Modules (Including SXT Index Head Assembly). Sinusoidal 
vibration at 9.0 g rms limited to 0.3-inch double-amplitude displacement,, swept logarithmically 
from 10 to 2000 cps at a rate of one octave per minute. Following this test the following random 
vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-1. b, Profile 1, for 6 minutes per axis. 
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4.2.1.16 CM G4N Modules. Sinusoidal vibration at 9.0 g rms limited to 0.3-Inch double- 
amplitude displacement swept logarithmically from 10 to 2000 cps at a rate of one octave per 
minute. Followti« this test the following random vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 In accordance 
with Figure 4-l.c for 6 minutes per axis. 

4.2.1.17 Subassembly Overstress. The applicable random vibration of paragraphs 4.2.1.16 
or 4.2.1.16 shall be Increased 3 db. The test duration shall be 6 minutes per axis. 

4.2.1.18 LEM Launch Overstress (AOT). To be supplied. 

4.2.1.19 LEM Descent and Ascent Overstress. To be supplied. 


4.2.2 Shock 


4.2.2.1 General. 8hock tests shall be performed as follows using Standard MIL-8TD-810, 

Method 516.1 as a guide. Unless otherwise specified the shock level tolerance shall be *10 
percent and time duration tolerance *10 percent. In the event that the shock test Is oonducted 
utilizing a vibration exciter and the tolerance limits specified above can not be met, these 
limits may be broadened to account for the exciter dynamics; however, overshoot shall not 
exceed 75 percent of the peak g value. The required deviation shall be as specified In the 
Test Plan. 

4.2.2.2 Flight Shock. One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be 20g terminal peak sawtooth waveform, of 6 
milliseconds duration. 

4.2.2.3 LEM Lunar Te nding . One shock along each plus and minus direction of each of 
three orthogonal axes (6 shocks). Shocka shall be lOg minimum, terminal peak sawtooth 
waveform of 15 to 20 millisecond time duration. 

4.2.2.4 Overstress. (Requirement deleted) 

4.2.2.5 CM Earth Landing. One shock of 78 g, 11 milliseconds minimum duration, terminal 
peak sawtooth applied along the axis approximating the thrust axis (+Xcm Figure 4-6). 

4.2.3 Acceleration 

4.2.3.1 General. Acceleration tests shall be performed as follows using Standard MIL-STD-810, 
Method 513.1, Procedure II as a guide. 
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TO BE SUPPLIED 


FIGURE 4-3 LEM LAUNCH RANDOM VIBRATION 
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TO BE SUPPLIED 
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FIGURE 4-4 LEM LUNAR DESCENT ft ASCENT RANDOM VIBRATION . 
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TO BE SUPPLIED 


FIGURE 4-5 LEM LUNAR DESCENT * ASCENT OVERSTRESS 
RANDOM VIBRATION 
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4.2.3.2 Launch. Exposure to 6*1/2 g in the +Xcm» + " Z CM and elther the ♦ or - 
YCM axes, as shown In Figure 4-6, for 5 minutes minimum per axis. 

4.2.3.3 Entry and Abort. Exposure to accelerations of 20±lg for 6 minute minimum along 
a +X axis, (either Xcm or X NB* 868 Figure 4-6) and in each plus and minus direction of 2 
orthogonal axes. 

4.2.3.4 Entry Nominal. Exposure to accelerations of 10±lg for 5 minutes minimum along 
a + X axis (either Xcm « X NB» ** Figure 4-6). 

4.2.3.5 LEM. Exposure to the following steady state accelerations shall be applied for the 
duration Indicated in the * direction in each of three orthogonal axes. (One axis shall be in 
the +X LEM axes as shown in Figure 4-7): 


a. 

6 g 

5 minutes 

(Non operational) 

b. 

3g 

5 minutes 

(Operational) 

0 . 

lOg 

15-30 seconds 

(Operational) 


4.2.3 .6 LEM. Exposure to 10±lg steady state acceleration shall be applied for 5 minutes 
minimum in the * direction in each of 3 orthogonal axes, one of which shall be the + XlEM 
axis as shown in Figure 4-7. 

4.2.4 Climatios 

4.2.4.1 General. Unless otherwise specified the temperature and pressure tolerances are 
md ± 0.5 p^ta. The rate of temperature change shall not exceed 30°F per minute and the 

rate of pressure change shall not exceed 6 psia per minute. The temperature shall be chamber 
air ambient temperature unless otherwise specified. 

4.2.4.2 Ground High and Low Temperature Design Limits. The test profile is shown in 
Figure 4-8 "Ground Temperature Design Limit Profile" and is explained as follows: 

a. 24 hours minimum at -20*F 

b. raise temperature to +20*F in one hour 
o. stabilise, at +20° F for 4 hours 

d. maintain. +20* F for duration of functional check (4 hours minimum) 

e. raise the temperature from +20°F to +140°F +0 -5°F in 2 hours 

f. maintain. 140 # F + 0*-5*F for 24 hours 

g. reduce the temperature to 107*F in one hour and stabilize at 107*F for 4 hours 

h. maintain 107* F for duration of functional check (4 hours minimum) 
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-OS CONFIGURATION 


FIGURE 4-7 


LEM 
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GROUND TEMPERATURE DESIGN LIMIT PROFILE 
FIGURE 4-8 
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4.2.4.3 Thermal Vacuum CM Design Limit Test. The thermal vacuum conditions are shown 
in Figure 4-9 "CM Thermal Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not include the time required 
to attain that environment. The test sequence may be interrupted between lettered steps to 
facilitate scheduling problems, etc., however, it is desired to complete the total cycle onoe 
it has been initiated. 

a. 24 hours minimum at 75*F and 5.00*0.25 psia. 

b. At 5.00*0.25 psia, raise the air temperature from 75*F to 100*F in 4.0 hours maximum 

e. At 5.00*0.25 psia, raise the air temperature from 100 # F to 150*F in 20*9 minutes. Hold 
at 150*F for 20*2 minutes and then decrease the temperature to 100*F in 20*2 minutes. 

d. Reduce the pressure to between 1 x 10” 4 and 1 x 10“ 5 mm Hg at 100’F wall temperature 
and maintain for 50 hours minimum. 

e. Raise the pressure to 5.00*0.25 psia and reduce the air temperature to 20*F and 
maintain for 4 hours minimum. 

f. Reduce the pressure to between 1 x 10“ 4 and 1 x 10 -5 mm Hg at 20*F wall temperature 
and maintain for 50 hours minimum. 

g. Raise the pressure to 5.00*0.25 psia and the air temperature to 75*F and maintain 
for 4 hours. 

h. Establish room ambient pressure and temperature 

Space conditions which may occur simultaneously with the above are shown by dashed Uses hi 
Figures 4-9 and are described as follows: 

i. Cold wall at-30Cr-Kf-20*F. 

J. Pressure of 10~ 7 mm Hg minimum 

k. Solar radiations at one solar constant for a total of 12 hours la 4 hoar laersasds 

Each 4 hour increment of solar radiation shall preferably occur at the time Ind ic a t ed la Figure 4-9. 
However, at a minimum, one exposure shall be during the CM oondttioas of S pels and 7#*F, one 
during the 10 _4 mm Hg at 100°F wall, and one during the 10“4 mm Hg and 20*F sail. Teel inter¬ 
ruptions are permitted for oarbon rod replacement. This time shall not be ooastdsrod as a part 
of the 4 hour Increment. Standard MIL-STD-810, Method 517.1 "Low Pressure-Solar Energy" 
shall be used as a guide for this test. 
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4.2.4.4 Cabin Atmosphere and Thermal Vacuum CM Nominal Limit Test. The cabin atmos¬ 
phere and thermal vacuum conditions are shown in Figure 4-10 and are described herein. 

Unless otherwise indicated the time of exposure to an environment does not include the time 
required to attain that environment. The test sequence may be interrupted between lettered 
Steps to fecilitate schedule, changing chambers, etc., however, the test sequence shall be 
maintained. 

a. 24 hours minimum at ?5*F at 14.7 psia with 95*5 percent pure dry oxygen atmosphere. 

b. 24 hours minimum at 105*F at 5*0.25 psia with 95*5 percent pure dry oxygen. 

o. 24 hours minimum at 55*F at 5*0.25 psia with 95*5 percent pure dry oxygen. 

d. 48 hours minimum st 75*F at 5*0.25 psia with 95*5 percent pure oxygen. A one percent 
by weight salt spray solution fog shall be intermittently imposed on the equipment, 

6 hours on and 8 hours off. Standard MIL-STD-810 Method 509.1 shall be used, as 
a guide. 

o. 120 hours at 40 percent minimum relative humidity in accordance with Figure 4-10. The 
pressure shall be maintained at 5*2 psia 95*5. per cent oxygen.: The .temperature may be 
uncontrolled between 75 and 85*F. 

L 100 hours minimum at 75* F wall temperature and a pressure between 1 x lO" 4 and 
1 z 10’ 6 mm Hg. 

g. 100 hours at -300 # +<f-»0*F cold wall at 1 x 10~? mm Hg minimum. 

iwin g this exposure the equipment shall be subjected to solar radiation at one solar constant 
for a total of 10 hours in 2 hour increments. The five 2 hour solar exposures shall be spaced 
throughout the total exposure, ideally as shown in Figure 4-10. Test interruptions are permitted 
for carbon rod replacement. This time shall not be considered as a part of the 2 hour increment. 
Standard M1L-8TD-810, Method 517.1 shall be used as a guide for this test. 

4.2.4.5 Thermal Vacuum CM Overstress Test. The thermal vacuum conditions shall fas those 
of paragraph 4.2.4.3 step a. through d. and i. through k. modified as follows: 

a. 2 hours minimum rather than 24. 

b. No ohange. 

o. Maximum temperature shall be 200*F rather than 150*F 

d. Well temperature shall be 150*F rather than 100*F and exposure time shall be 
24 hours. 
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Space conditions which occur simultaneously with d. are described as follows: 

L No change. 

J. No change. 

k. Solar radiation of one solar constant for one 2 hour exposure during the 24 hours 
exposure. 

4.2.4.6 Thermal Vacuum LEM Design Limit Test. The thermal vacuum conditions are shown 
in Figure 4-11 "LEM Thermal Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not include the time required 
to attain that environment. The test sequence may be interrupted between lettered steps to 
focilitate scheduling problems, etc., however, it is desired to complete the total cycle once it 
has been initiated. All times indicated at a particular environmental condition are minimum 
and may be extended to permit scheduling flexibility. The structure surrounding the test item 
identified in the following steps is defined as structure (shroud) providing the radiant heat 
transfer mechanism with the test item. This surrounding structure shall have a surface 
emlsslvlty of 0.8 minimum. (Paragraph 3.3.3.8 identifies cold plate and mounting conditions) 

a. 8 hours at 14.7 pela and 75*F. 

b. 48 hours at 130*F shroud temperature and a pressure of 1 x 10"« to 1 x 10" 7 mm hg. 

e. 48 hours at 0*F shroud temperature and a pressure of 1 x 10"® to 1 x 10" 7 mm hg. 

d. 25 hours at 160* shroud temperature and a pressure of 1 x 10“® to 1 x 10" 7 mm hg. 

e. 24 hours at 0*F shroud temperature and a pressure of 1 x 10“® to 1 x 10" 7 mm hg. 

L 8 hours at 75* ±20*F shroud and air temperature, 5 psia ambient pressure. Two 
"blow down" pressure cycles shall be conducted during this step. During each blow 
down cycle the pressure shall be decreased from 5 psia to O.lpsia in 2±1 minute. 

Vacuum pumping shall continue for 20 minutes at the maximum facility capacity, 
at which time, the pressure shall be increased to 5 psia in ial/2 minute. Each blow 
down cycle may occur at any point during the 8 hour period. 

Space conditions external to LEM are simulated by the following 

g. Cold wall at-300^20* F at a vacuum condition of 1 x 10 7 mm hg minimum. Two exposures 
to solar radiation at one solar constant for 8 hours each occurring once during step d 
and once during step e. Standard M1L-STD-810, Method 517.1 "Low Pressure-Solar 
Energy" shall be used as a guide for this test. 


63 



Blow Down Cyclo 



LEM Thermal Vacuum Design Limit Cycle 
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e. Reduce the pressure to 1 x 10“ 7 mm Hg or as close to this goal as possible, while 
holding the wall temperature at 100*F and maintain for 12*0.1 hours including pumping 
time. 

f. Raise the pressure to 5.8*0.5 psia and reduce the temperature to 0*5" F and maintain 
for 4.0*0.1 hours. 

g. Reduce the pressure to 1 x 10" 7 mm Hg, or as close to this goal as possible while 
holding the wall temperature to 0*5"F and maintain for 12.0*0.1 hours including 
pumping time. 

h. Raise the pressure to 5.8 pels and raise the temperature to +20"F and maintain for 
12.0*0.1 hours. 

i. Reduce the pressure to 1 x 10“ 7 mm Hg or as close to this goal as possible holding 
the wall temperature at +20"F and maintain for 12.0*0.1 hours including pumping time. 

j. Raise the pressure to 5.8 psia and the temperature to 75"F and maintain for 24 hours 
minimum, except at two points the Blow Down and Repressure cycle as shown in Figure 
4-11 shall be conducted. Each Blow Down and Repressure shall consist of reducing 
the pressure from 5.8*0.5 psia to 0.1 +0 -0.05 psia in 5 minutes maximum, followed 
by a further reduction to 1 x 10“5 mm Hg in 4.0 hours maximum, and then repressure 
to 5.8 psia in 60 +0 -10 seconds. 

Space conditions external to the LEM pressure hull are shown fay dashed lines in 
Figures 4-11 and are described herein. 

k. Cold wall at -300 +0 -20"F, 125 hours minimum. 

L Pressure of 1 x 10" 7 (minimum) to 1 x lO” 1 ^ (goal) mm Hg for 125 hours minimum. 

m. Solar radiation at one solar constant for a total of 16 hours in 4 hour increments. 

Each 4 hour increment shall preferably occur at the times indicated in Figure 4-11. 
Test interruptions are permitted for carbon rod replacement. This time shall not 
be considered as a part of the 4 hour increment. For equipment that receives 
simultaneous exposures, at a minimum one exposure shall occur during LEM conditions 
at 160"F, one during the +100"F, one during the 0*F and one during the 2Q"F, otherwise 
the solar exposures shall be separated by 8 hours of cold wall exposure. Standard 
M1L-STD-810 Method 517.1 "Low Pressure - Solar Energy" shall be used as a guide 
for this test. 

4.2.4.7 LEM Thermal Vacuum Overstress Test. The thermal vacuum conditions shall be 
those described in paragraph 4.2.4.6 steps d, e, and g except each step listed below shall 
be modified as indicated. 
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d. Shroud temperature shall be +200* F; time shall be 8 hours. 

e. Shroud temperature shall be -40*F; time shall be 8 hours. 

g. Solar radiation shall be two, 8 hour exposures one each during the ♦10© # F and the 
-40°F exposures, for a total of 4 hours of solar radiation exposure. 

4.2.4.8 Oxygen,/Overpressure, Temperature. The overpressure oxygenremrironmental conditions 
at elevated temperatures are described herein. 

a. The equipment shall be exposed to an atmosphere of 95±5% pure oxygen at a pressure 
21 pels and a temperature of 75°F for a duration of 2 hours minimum. 

b. The pressure of the 95±5% oxygen atmosphere shall be lowered to 14.7 psia at 75*F 
and maintained for 12*0.1 hours. 

o. The temperature shall be raised to 105*F and the oxygen atmosphere maintained at 
14.7 psia for a duration of 12 hours minimum. 

4 2 4.9 Humidity, Temperature. The humidity environment shall be five 24 hour humidity 
cycles in accordance with Method 507.1 of Standard MIL-STD-810 except the maximum temperature 
shall be 120*F. The temperature shall be raised from 70 # F to 120 # F in 2 hours, 120 # F shall 
be maintained for 6 hours minimum and then the temperature shall be gradually reduced to 70 F 
over the next 16 hours. 

4.2.4.10 Thermal Vacuum CM-Subassembly Design Limit Test. The thermal vacuum test 
sequence identified in this section shall be Imposed upon the subassemblies while they are mounted 
on an appropriate thermally controlled heat sink. Unless otherwise indicated, the time exposure to 
an environment does not include the time required to attain that environment. 

The test sequence may be interrupted, or rearranged to facilitate scheduling problems, etc.; 
however, it is desired to complete the total thermal vacuum cycle once it has been initiated. If 
the sequence is interrupted, prior to resumption of the test, step a. shall be repeated, for a 
sufficient time duration to re-establish a measurement base. 

4.2.4.10.1 All Subassemblies Except Those Mounted on the QUA. 

a. 12 hours at 5 psia and 75*F. 

b. Raise temperature to 150*F in one hour maximum. 

c. Maintain 5 psia 150*F air temperature for 12 hours. 

d. Reduce the pressure to 1 * 10~ 4 mm Hg or less, maintaining chamber wall temperature 
at 150 # F for 12 hours. 
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e. Raise the pressure to 5 psia, reduce the temperature to +20* F in one hour maximum. 

2. Maintain 5 psia and 20*F air temperature for 12 hours. 

g. Reduce the pressure to 1 x 10“ 4 mm Hg or less, maintaining the chamber wall 
temperature at 20*F for 12 hours. 

\u Raise the pressure to 5 psia and the temperature to 75* F in one hour maximum. 

L Maintain 5 psia and 75*F for four hours. 

4.2.4.10.2 OUA Subassemblies (Including SXT Head Assembly) 

a. 8 hours at 14.7 psia and 75 # F. 

b. Raise temperature to 140*F in one hour maximum. 

o. Maintain 14.7 psia and 140*F air temperature for 8 hours. 

d. Reduce the pressure to 1 x 10~^ mm Hg or less, maintaining the chamber wall 
temperature at 140° P for 8 hours. 

e. Raise the pressure to 14.7 psia and reduce the temperature to +20*F in one hour ma xim u m . 

L Maintain 14.7 psia and +20*F air temperature for 8 hours. 

g. Reduce the pressure to 1 x 10“ 7 mm Hg or less, maintaining the chamber wall 
temperature at +20*F for 8 hours. 

h. Raise the pressure to 14.7 psia and the temperature to 75* F in one hour maximum. 

L Maintain 14.7 psia and 75*F for four hours. 

4.2.4.11 Oxygen, Overpressure, Temperature and 1% Salt Fog. The Oxygen, Overpressure, 

Temperature, and 1% Salt Fog Test sequence is shown in Figure 4-12 and is described herein. 

a. The system shall be exposed to an atmosphere of 95±5% pure oxygen at a pressure of 
21 psia and a temperature of 75*F for a duration of 2 hours min im u m . 

b. The pressure of the 95±5% oxygen shall be reduced to 14.7 psia at 75* F and maintained 
for a minimum of 10 hours. 

o. The temperature shall be increased to 105*F and the oxygen atmosphere maintained at 
14.7 psia for 12 hours maximum. 

d. The pressure shall be reduced to 5 psia and the temperature lowered to 75*F and 
the oxygen atmosphere maintained for 24 hours. 
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e. During the 5 palm exposure of step d. above, a 1% by weight salt apray solution fog 
shall be Intermittently imposed on tbs equipment 6 bra. on and 6 bra. off, for a total 
•pray exposure of 12 hour*. Standard M1L-8TD-810 Method 50g.l may be uaed as a 
guide. 

4.2.4.12 Block H Design Limit Thermal-Vacuum Test. The thermal vacuum conditions are ^ 
shown in Figure 4-13 ’’Block II Thermal-Vacuum Design Limit Test," and are described herein. 
Unless otherwise indicated the time of exposure to an environment does not include the time 
required to attain that environment. The test may be interrupted between lettered steps to 
facilitate scheduling problems, etc., however, it is desired to complete the total cycle once 
it has been initiated. All times indicated at a particular environmental condition are minimum 
and may be extended to permit scheduling flexibility. The structure surrounding the test item 
identified in the following steps is defined as the shroud providing the radiant heat tran sfer 
mechanism with the test item. This surrounding structure shall have a surfaceismisslvtty of 
. 8 minimum. (Paragraph 3.2.8.4 identifies cold plate and mounting conditions) 

a. 24 hours at 75*F shroud and air temperature and 5 psia. 

b. 12 hours at 75*F shroud temperature and pressure In the range of 1 x 10" 4 to 1 x 10' 5 
mm hg. 

Raise the shroud temperature from 75* F to 150*F in 4 hours while maintaining the 
ambient pressure at 1 x 10~4 to 1 x 10" 5 mm hg. 

Maintain 150*F shroud temperature and ambient pressure oflxlO * to 1 x 10 
iwm hg for 48 hours minimum. 

.. White maintaining a pressure of 1 x 10"* to 1 x 10' 5 mm hg reduce the shroud temperature 
to 0*F in 2*1 hours. 

f. Maintain 0*F shroud temperature and ambient pressure oflxlO 4 to 1 x 10 5 mm hg 
for 48 hours minimum. 



g. Establish room ambient temperature and pressure. 

h. Cold wall at -300*40*-20* F at 1 x 10“ 7 mm hg minimum with intermittent exposure to 
solar radiation at 1 solar constant for 120 hours minimum. Solar radiation shall be 
applied intermittently 1 hour on, for each exposure for a total solar radiation exposure 
of 6 hours. 


4.2.4. IS Thermal Shock (Subassemblies). The thermal shock test shall consist of three cycles of 
alternate 150’F ambient conditions followed by -20*F ambient conditions. The equtpmentunder 
test shall be exposed to two hours minimum at *150*F. then within 5 minutes maximum transferred 
to -20"F for two hours, this sequence shall be repeated three times. The equipment shall be 
placed on non conductive surfaces in the test chamber. 
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4.2.5 Explosion. (This requirement deleted. The oxygen, overpressure, temperature test will 
determine equipment susceptibility to hazardous gases and fulfill the explosion requirement.) 

4.2.6 EMI (Electromagnetic Interference). The EMI level and susceptibility of the GW equip¬ 
ment be determined as specified in MIL-I-26600 and MSC-ASPO-EMI-IOA. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6. NOTES 

6.1 Definitions 

6.1.1 Operational Cycle. The total operational time under all conditions and nonoperational 
time under ground environmental conditions which a normal GW system will experiences 
beginning with the start of selloff in the System Assembly Test (SAT) area and continuing through 
the flight mission. The operational cycle specified within this document simulates the above 
conditions, except that the time and environments of the SAT area are not repeated nor included 
in the qualification testing. 

6.1.2 Mission Cycle. The total time under operational and nonoperational equipment modes 

that the GW system will experience from prelaunch checkout, and through all flight environments 
to earth landing. The mission cycle specified within this document simulates the above conditions. 

6.1.3 Design Limit. The environmental exposure extremes which the equipment has been 
designed to withstand. 

6.1.4 Nominal Limit. The environmental exposures that the equipment will encounter during 
its life excluding emergency and abort flight conditions and uncontrolled ground conditions. 

6.1.5 Detailed Test Plan. The plan to which a test will be conducted. The plan shall show what 
will be tested, how it will be tested, the test schedule, the performance parameters and tolerances, 
and all information necessary to evaluate the proposed test. The detailed test procedures which 
are to be a step-by-step operating procedure will be a separate document unless otherwise specified. 

6.2 NOTICES. When Apollo GW drawings, specifications, or other data are used for any 
purpose other than in connection with a definitely related NASA procurement operation, NASA 
thereby incurs no responsibility nor any obligation whatsoever; and the fact that NASA may have 
formulated, furnished, or in any way supplied the said drawings, specification, or other data is 
not to be regarded by implication or otherwise as in any manner licensing the holder or any other 
person or corporation, or conveying any rights or permission to manufacture, use, or sell any 
patented invention that may in' any way be related thereto. 
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1. SCOPE 

1 1 GENERAL. It is the purpose of this document to establish the requirements and tests for 
demonstrating the qualification status of Block 1-100 APOLLO Guidance and Navigation System 
design and production for the earth orbital and ultimate lunar rendezvous-landing mission, and 
the degree of testing which must be satisfactorily accomplished during each phase of development 
consistent with the constraints of earlier flight missions. Block II and LEM requirements and 
tests are delineated in ND1002337. 

1.2 ENVIRONMENTAL CONDITIONS. The environmental conditions and stress levels herein 

bear a direct relationship to specifications describing spacecraft conditions. Varying equipment 
locations and mounting provisions have been taken into consideration. Transportation, handling, 
and storage conditions occurring during the normal life cycle of the equipment have been studied 
and utilized to modify the tests appropriately either by stress level or duration of application 
to optimize the simulation. The profiles within this specification encompass these nonflight 
conditions but are identified by the maximum level of each environmental exposure. Combination 
of environments, particularly climatic tests, have been specified where facility considerations 
permit. 

1.3 QUALIFICATION CRITERIA. The qualification of the APOLLO Guidance and Navigation 
System shall be accomplished by a succession of tests in accordance with this specification at 
the part, subassembly, subsystem, and system level. Attainment of full qualification status 
is subject to satisfactory completion of specified tests as outlined below: 

1) Systems: One operational cycle followed by one mission cycle. 

2) Subsystem: One operational cycle at design limit environmental levels. 

3) Subassemblies: One operational cycle at design limit environmental level. 

4) Parts: Specification requirements followed by life and/or endurance as applicable. 

1.4 TEST PLANS AND PROCEDURES. Detailed test plans shall be prepared by the responsible 
contractor for each item subjected to qualification testing. The detailed test plan (other than 
parts) shall be submitted to MIT/IL and NASA/MSC for approval at least 30 days prior to the 
scheduled start of the test. Information copies shall be forwarded by MIT/IL to NASA/MSC 

and the TRB (Test Review Board) members. Review shall be accomplished and comments 
submitted for consideration at the next scheduled TRB meeting for final resolution and approval. 
The detailed test procedures shall be submitted to the TRB prior to the start of test, and shall 
be submitted to NASA upon request. (Detailed procedures shall form an integral part of the 
test plan for the part qualification program.) 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents shall form a part of this specification to 
the extent specified herein. Unless otherwise specified, the issue in effect on the date of this 
specification shall apply. 
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3. REQUIREMENTS 

3.1 GENERAL. This section establishes the qualification test requirements for all Block I-100 
APOLLO G&N equipment, systems, subsystems, subassemblies, and parts. Qualifies^ 
tion tests shall consist of exposure of production hardware to the specified environmental 
conditions to assure that it shall meet the design requirements and perform its intended 
mission function. During foe environmental exposures the equipment shall be operative 
or nonoperative, depending on its condition during actual mission encountered environments. 

Both natural and induced environments are included in the test programs. The hardware 
subjected to qualification tests shall be manufactured with same tooling, processes, quality 
control procedures and be representative of the same design as for normal production units 
destined for flight equipment. , v; ' i . . .. . ‘ 1 - ’ 


3.1.1 Prior Compliance. The APOLLO G&N Equipment shall have successfully met all 
requirements of the applicable inspection and acceptance test requirements as delineated in 
the SCD (Specification Control Drawing), PS (Procurement Specification), or FTM (Final Test 
Method) prior to being submitted for qualification testing as defined in this specification. 

Data from the inspection and acceptance shall be recorded and shall form a part of the 
qualification test data. 

3.1.2 Atmospheric Conditions. Unless otherwise specified, tests shall be performed at 
room ambient atmospheric pressure, a temperature of78*±10*F, and a relative humidity of 80 
percent maximum. 

3.1.3 Instrumentation and Data. Instrumentation and data acquisition equipment shall be used 
to assure a sufficient data record of the environmental parameters controlled, and of the test 
article parameters critical to end item performance. Additional parameters may be recorded 
as secondary data to assist in failure isolation, evaluation information, etc., at the discretion 
of the testing activity. Special care shall be taken to provide signal isolation and prevent 
circuit loading such that the data acquisition system has a minimum effect on equipment per¬ 
formance. 

3.1.4 Failures. A failure occurs when the equipment under test is unable to perform its 
intended function within specified tolerances. Any failure shall be cause for corrective action 
and shall be completely documented and reported utilizing die APOLLO G&N failure reporting 
system. Formal qualification testing of the failed item shall be discontinued until the failure 
is resolved. Unless otherwise directed, when corrective action has been accomplished the 
test item shall be resubjected to the test phase where the failure occurred and the test se¬ 
quence continued from that point. Changes in the absolute value of critical parameters will 
require individual evaluation prior to re-establishing a new measurement base. If, while 

the test item is being resubjected to a test phase, a totally unrelated failure occurs it shall 
be reported, evaluated, and the proper corrective action accomplished, but it shall not be 
considered a qualification failure, and therefore testing shall be continued from that point. 

At any point in the test program, where corrective action results in replacement of a com¬ 
ponent, this component shall be considered qualified by similarity in all previous environ¬ 
mental exposures, unless failure analysis proves otherwise. If there is repeated failure, 
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malfunction, or out-of-tolerance performance in a given environment, this shall be recorded, 
analysis performed, and the equipment repaired and rechecked and then subjected to the next 
scheduled environment pending Test Review Board action. All failures shall be subject for 
review at the monthly Test Review Board meetings. 

8 .1.4.1 Failure of Test Facility. If die test facility fails, the equipment under test shall be 
rechecked and the test continued in a manner in which the test facility malfunction will result 
in a minimum effect upon the qualification of the equipment under test. Component failures 
induced by test facility failure shall be recorded, analyzed, and the component repaired, but 
shall not be oonsidered relevant to G&N equipment qualification. 

8.1.5 Reporting. Status, Interim where applicable, and Final Reports are required for all 
qualification tests conducted. The status report shall be submitted monthly in accordance with 
the requirements established at the Test Review Board. Interim reports are required for long 
duration test programs and shall note significant events, milestone accomplishments, and 
summarize test progress. For system and subsystem qualification tests, interim reports are 
required at approximately monthly intervals, and will be the subject of Test Review Board 
discussion. Final reports are required for each G&N part and equipment tested. Final reports 
shall be submitted to MITAL and NASA/MSC within 45 days following completion of the total 
test effort and at a minimum must include: 

a. Test plan and procedure or a reference to this document. 

b. Deviations from plan if any. 

o. Aooeptanoe data. 

d. Photos, , diagrams, description, etc., of test articles and setups where significant 
or unique. 

a. Summary of failures and corrective action. 

f. Test results. 

g. Test data and analyses. 

h. Conclusions. 

8.8 SYSTEMS 

8 .2.1 General. The total G&N system will be subjected to the qualification program as 

described within this section. One Block 1-100 series G&N System shall undergo qualification 
testing. System qualification shall consist of exposure of the entire Gttf system, inter¬ 
connected and functioning, to a series of environmental conditions simulating those encountered 
during its operational life* Successful completion of an operational cycle followed by a mission 
cycle shall be required for qualification.. . 
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3.2.1.1 Equipment. The G&N equipment to be used for qualification testing shall undergo 
all acceptance testing and shall have been accepted by NASA as being representative of the 
production hardware. 

3.2.1.1.1 Block I (Series 100) Equipment. The G&N Block I (Series 100) system shall be 
comprised of the following equipment: 

a. Inertial Measurement Unit (IMU) 

b. Power and Servo Assembly (PSA) 

c. APOLLO Guidance Computer Group 

d. Coupling Display Unit (CDU) 

e. CDU Panel Assembly 

f. CDU Frame Assembly 

g. Optics Shroud Assembly 

h. IMU Control Panel Assembly 

i. D&C Electronics Assembly 

j. Control Electronics Assembly 

k. G&N Indicator, Control Panel Assembly 

l. Harness and End Connector Assembly 

m. Optics Unit Assembly (OUA) 

n. Navigation Base. 

o« Star Scanner Electronics 

p. Signal Conditioner 

q. Bellows - Sextant and Scanning Telescope 

3.2.1.2 Operational and Mission Cycle. The following conditions comprise the two test 
cycles. Tests conditions a. through g. comprise the operational cycle, and test conditions 

f. through i comprise the mission cycle. 

a. Ground Temperature 

b. Oxygen Overpressure Temperature and 1% Salt Fog 

c. Humidity 

d. Thermal Vacuum 

e. EMI 

f. Acceleration Launch and Entry 

g. Vibration 

h. Cabin Atmosphere & Thermal Vacuum 

i. Earth Landing Shock (where not accomplished on subsystem level) 
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3.2.1.3 Test Sequence. The test sequence shall be in the order listed in paragraph 3.2.1.2 
with the following variations permitted. 

a. EMI may be conducted at any point in the test cycle prior to earth landing shock. 

b. The vibration and acceleration environments may be interchanged. 

c. Environments a. through d. may be conducted in any sequence. 

3.2.1.4 Examination of Equipment. The G&N system shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental exposure. 

3.2.1.5 Test Conditions. The input excitation and output loading of the G&N system shall be 
in accordance with the applicable FTM. Cold plates shall be utilized per normal CM equipment 
installation and the coolant temperature and flow rate shall be in accordance with the applicable 
FTM, provided the interface temperature of the equipment under test does not exceed the maximum 
allowable specified on the 1CD (Interface Control Document). 

3.2.1.6 Performance. Unless otherwise specified in the test plan, the G&N system shall meet 
the requirements of the applicable FTM before, during where specified, and after exposure to 
each environment. 

3.2.1.7 Witnessing Personnel. The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 

3.2.2 Block 1100. One Block 1-100 G&N system shall be subjected to the qualification test 
as outlined in paragraph 3.2.1.2 and as detailed herein. 

3.2.2.1 Ground Temperature. The G&N system shall be subjected to the ground high and low 
temperature test of paragraph 4.2.4.1 and 4.2.4.2. The system shall be operational during the 
periods indicated. During the operational periods of the cycle, the system shall be functionally 
checked in accordance with the FTM within the limits imposed by the confines of the chamber 
and the operational time limit. During the non-operational storage temperature conditions all 
coolant and power (except that required for normal heat, suspension, etc.) shall be off. For 
30 minutes prior to each functional check, as identified in paragraph 4.2.4.2 coolant shall be 
supplied to those equipments with heat exchangers or cold plates. The coolant flow rate and 
inlet temperature shall be controlled so that prior to and during the low temperature functional test 
the coolant shall maintain the heat exchanger or cold plate at the minimum allowable ICD* 
temperature; and prior to and during the high temperature functional test the heat exchanger 
or interface cold plate shall be at the maximum allowable by the ICD* +0°F -10° F. During the 
low temperature storage conditions, auxiliary means may be used to maintain 1MU platform 
temperature. (This includes using the coolant temperature control, and these means may be 
used until stability in the operational mode has been reached.) 

♦Block 1-100 Thermal ICD MH01-01249-416 
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3 .2.2.2 Oxygen, Overpressure, Temperature and 1% Salt Fog. The G&N system shall be 
subjected to the oxygen, overpressure, temperature and 1% salt fog environment of paragraph 
4.2.4.1 and 4.2.4.11. During this test the system shall be operated in all equipment modes 
and exercised as thoroughly as possible. The optics normally exposed to external CM environ¬ 
ments shall be protected from the environment by covers or similar means, and the OUA shall 
be initially purged with dry nitrogen. 

3.2.2.3 Humidity. The G&N system shall be subjected to the humidity test of paragraph 
4.2.4.1 and 4.2.4.9. During this test the system shall be operated in all equipment modes 
and exercised as thoroughly as possible, except during the portion of each cycle where the 
ambient temperature is above 100 # F. During the portion of each cycle where the ambient 
temperature is above 100° F, the equipment shall be off, except for coolant flow and power 
required for normal heat, suspension, etc. The optics normally exposed to external CM 
environments shall be protected from the environment by covers or similar means, and 
the OUA shall be initially purged with dry nitrogen. 

3 .2.2.4 Thermal Vacuum (CM System Design Limit Level). The G&N system shall be subjected 
to the design limit thermal-vacuum conditions of paragraph 4.2.4.1 and 4.2.4.3 except that the 
OUA shall be exposed to the same conditions as the remaining portion of the system, and will 
not be subjected to solar radiation, i.e., steps, i, j, and k of paragraph 4.2.4.3 shall not be 
conducted. During the environmental test sequence the system shall be operated in all modes, 
exercised as completely as possible, and the performance evaluated in accordance with the 
FTM within the limits imposed by the chamber confinement. 

If the test sequence is interrupted the system shall be functionally checked before the sequence 
is reinitiated. 

During steps b and c, and for 10 hours minimum of steps d of paragraph 4.2.4.3 the coolant 
flow rate and inlet temperature shall be controlled such that the IMU heat exchanger and the 
system cold plate interface temperatures shall be the maximum allowable ICD* interface 
temperatures +0 # F -10 # F. For 10 hours during step f of paragraph 4.2.4.3, the IMU heat 
exchanger and the system cold plate interface temperatures shall be maintained at the minimum 
allowable ICD* interface temperatures (maximum flow rate, minimum inlet temperature). 

♦Block 1-100 Thermal ICD MH01-01249-416 
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3.2.2.5 EMI. Hie G&N system shall be subjected to the EMI test of paragraph 4.2.6. 
During this test the equipment shall be operational in all equipment modes and exercised 
as completely as possible. Out-of-tolerance conditions shall be recorded and considered 
by the Test Review Board. Modification shall be made only after an incompatibility with 
other systems and other CM equipment is found. 

3.2.2.6 Launch Vibration. The G&N system shall be subjected to the launch vibration 
profiles as follows: 


EQUIPMENT 

a. N/B isolator mounted, with bellows, IMU, 
and OUA less eyepieces. 


b. Remaining G&N Equipment 


c. Eyepieces, normal flight storage 
configuration 


TEST 

per para. 4.2.1.1 and 4.2.1.2 along 
3 orthogonal N/B axes, except the dura¬ 
tion shall be 12 minutes per axis. 

per para. 4.2.1.1 and 4.2.1.3 along 
3 orthogonal axes, except the duration 
shall be 12 minutes per axis. 

per para. 4.2.1.1 and 4.2.1.2 along 
3 orthogonal axes, except die duration 
shall be 12 minutes per axis. 


The equipment exposed to die same vibration profile may undergo the test in a single group, 
or each component may be exposed individually, with the exception of paragraph 3.2.2.6. a 
which shall be tested as a single group. In either case the system shall be interconnected and 
functioning normally. During the vibration exposure all equipment shall be operated except 
the OUA. Normal system interface conditions shall be present even though the equipment is not 
operational during the exposure. The equipment under test other than the OUA shall be exer¬ 
cised and functionally checked as thoroughly as possible during the exposure. Recording 
instrumentation shall be provided where applicable to monitor system performance. 

3.2.2.7 Launch and Entry Acceleration. The G£N system shall be subjected to the launch 
and entry acceleration tests as specified in paragraphs 4.2.3.1, 4.2.3.2, and 4.2.3.4. The 
entire G&N system may be exposed to the environment at one time except as prohibited due to 
facility considerations, when individual components shall be exposed individually. If components 
are exposed individually, the system shall be interconnected and functioning normally to the 
extent possible within the limits of the centrifuge facility. During the acceleration exposure all 
equipment shall be operated except the OUA. Optics eyepieces shall be in a normal flight stowed 
configuration during this test. Normal system interface conditions shall be present even though 
the equipment is not operational during the exposure. The equipment under test, other than the 
OUA, shall be exercised and functionally checked as thoroughly as possible during the exposure. 
Recording instrumentation shall be provided where applicable to monitor system performance. 


3.2.2.8 Cabin Atmosphere and Thermal Vacuum. The G&N system shall be exposed to the 
Cabin Atmosphere and Thermal Vacuum CM nominal limit test, as described in paragraphs 
4.2.4.1 and 4.2.4.4. Throughout the test, the system shall be interconnected and operational, ' 
except for 2 hours out of each 24 hour period when all power (except that required for normal 
heat, suspension, etc.) shall be off. During each of the following environments the system shall 
be functionally checked to the greatest extent possible within the limits imposed by chamber 
confinement. ^ 
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a. Dry Oxygen 

b. Salt Spray 

c. Humidity (Nominal) 

d. Thermal Vacuum 


During the environmental steps a. through f. of paragraph 4.2.4.4 for equipment that penetrates 
the CM pressure hull (OUA and bellows), the external portions shall be maintained at the same 
pressure and temperature as the internal CM portions of the equipment. The portions of this 
equipment that are normally exposed to space conditions shall not be exposed to the climatic 
environmental conditions of salt and humidity. Prior to initiation of the test sequence the OUA 
shall be purged with dry nitrogen. Step g. of paragraph 4.2.4.4 shall be conducted on the specs 
exposed portions of the OUA while maintaining the CM portions of the OUA at room ambient 
conditions. 

3.3 SUBSYSTEM 

3.3.1 General. The subsystems of the G&N equipment will be subjected to the qualification 
tests as described within this section. One Block I (Series 100) System shall undergo these 
tests at the subsystem level. Qualification shall consist of exposure of each subsystem of 
the GW equipment to one operational cycle at the design limit environmental conditions that 
may be encountered at any point during equipment life, including emergency and abort flight 
phases. Ground environments are included where these are more severe than flight levels. 
These levels are the extremes to which the equipment has been designed and this test program 
will therefore demonstrate that the GW hardware will function during, where applicable, and 
following, design limit environmental exposure. Successful completion of one operational cycle 
at these levels shall be required for qualification. 

3.3.1.1 Over stress. Following the one operational cycle at design limits, the equipment shall 
be subjected to selected overstress conditions. These tests shall be conducted to determine 
the GW equipment design margin of safety with respect to critical environmental conditions. 

The overstress tests defined herein shall not be used as criteria to qualify or disqualify the 
GW equipment, and may result in permanent degradation or failure. These tests shall be 
conducted in ascending order of severity, such that maximum usable data are derived from the 
program. 


3 .3.1.2 Equipment. For the purposes of this document the GW subsystem and components 
thereof are defined according to manufacturer: 

3 .3.1.2.1 CM Equipment Block I (Series 100) 


I. Inertial Sub Subsystem (ISS) 

a. Inertial Measurement Unit (IMU) 

b. Power Servo Assembly (PSA) 

c. Star Scanner Electronics 

d. Display and Control Hardware Group (D&C) 

e. Navigation Base (N/B) Assembly 

f. Coupling Display Units (CDU) 

g. Signal Conditioner 
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II. Apollo Guidance Computer Group 

a. Apollo Guidance Computer (AGC) 

b. Display and Keyboards (DSKY's) 

m. Optical Subsystem (OSS) 

a. Optical Unit Assembly (OUA) 

b. Eyepiece stowage compartment (ESC) with eyepieces and condition light 
assembly. 

3.3.1.3 Design Limit Cycle Test. The following conditions comprise one design limit 
operational cycle. 

l. Special Environments 

a. EMI (Block 1-100 AGC and DSKY's only) 

n. Dynamic Environments 

a. Vibration 

b. Flight Shock or Lunar Landing 

c. Acceleration 

m. Climatic Environments 

d. Ground Temperature 

e. Thermal Vacuum 

f. Oxygen - overpressure and temperature 

g. Humidity 

h. Explosion (Requirement Deleted Rev B) 

IV. Dynamic Environments 

1. Vibration (Requirement Deleted Rev B) 
j. Earth Landing Shocks* (CM Equipment Only) 

3.3.1.4 Overstress Tests. Following qualification, the G&N equipment shall be subjected 
to overstress tests in the following critical environments. 

a. Vibration 

b. Shock (Requirement Deleted Rev B) 

c. Thermal Vacuum 


♦To be conducted following the overstress test if operational G&N hardware is utilized. This 
test may be performed utilizing simulated hardware, ie., dummy components of a weight, center 
of gravity, and external mounting configuration identical to the actual G&N equipment. 
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3.3.1.5 Test Sequence. The preferred qualification and overstress test sequence is shown 
in paragraphs 3.3.1.3 and 3.3.1.4 and Figure 3-1. Variations in the test sequence are 
permitted to facilitate chamber scheduling, personnel, etc., provided that: 

a. EMI, where specified, may be conducted anywhere in the operational cycle. 

b. The dynamic environments, steps a. through c., precede the climatic tests. 

c. Earth landing shock, if conducted on operational GAN equipment, be conducted 
following the completion of the overstress test. (If simulated hardware is utilized 
for this test, it may be conducted at any point during the qualification operational 
cycle.) 

3.3.1.6 Examination of Product. The GAN subsystems shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental exposure. 

3.3.1.7 Test Conditions. The required interface conditions, between the GAN subsystem or 
components thereof under test, and other GAN or CM equipment shall be provided or simulated 
to the extent practicable during test. The test item may be exercised using simulated airborne 
equipment or ground support items; other parts of the same subsystem may be interconnected 
for function or operational checks. Power input to the test item shall be tn accordance with the 
applicable PS (Procurement Specification ) or FTM (Final Test Method). Unless otherwise 
specified, heat sinks and other thermal controls shall also be in accordance with the applicable 
PS or FTM provided the interface temperature of the equipment under test does not exceed the 
maximum allowable on the ICD (Interface Control Document). 

3.3.1.8 Performance. Unless otherwise specified in the test plan, the GIN equipment shall 
meet the requirements of the applicable PS or FTM before, during where specified, and following 
each environmental exposure. The operational status of each test item during the environmental 
exposures is shown in Figure 3-1. 

3.3.1.9 Witnessing Personnel. The NASA representative or his designated alternate shall be 
notified of all tests in advance of their scheduled performance. 

3.3.2 Block I (Series 100). One Block 1 (Series 100) set of GIN equipment shall be subjected 
to the qualification design limit operational cycle and the overstress tests as outlined in para¬ 
graphs 3.3.1.3, 3.3.1.4, Figure 3-1, and as detailed herein. 

3.3.2.1 EML The Apollo Guidance Computer Group shall be subjected to the EMI test of 
paragraph 4.2.6 as indicated in Figure 3-1. During this test the equipment shall be operational 
and exercised as completely as possible. Out-of-tolerance conditions shall be recorded and 
considered by the Test Review Board. Modifications shall be made only after incompatability 
with the other subsystems or other CM equipment is found. 
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3.3.2.2 Vibration, Launch. The G&N equipment shall be subject to the launch vibration 
exposures of paragraphs 4.2.1.1, and 4.2.1.2, 4.2.1.3, or 4.2.1.7 as indicated in Figure 
3-1. The OUA eyepieces shall be in a normal flight stowage configuration (the vibration of 
paragraph 4.2.1.2 shall apply). The vibration shall be applied along each of three orthogonal 
axes; the N/B test shall be along N/B axes, and all other equipment shall be vibrated along 
the CM axes, panel axes, or other convenient test axes. The operational equipment shall be 
exercised and functionally checked as thoroughly as possible during the exposure. Recording 
instrumentation shall be provided where applicable to monitor equipment performance. 

3.3.2.3 Vibration - Launch Abort. The G&N equipment shall be subjected to the launch abort 
vibration exposures of paragraph 4.2.1.4 or 4.2.1.5 as indicated in Figure 3-1. All other 
conditions of paragraph 3.3.2.2 shall otherwise apply. The N/B Isolation system shall be 
preloaded with a force equivalent to 20g along the "Xjjg axis. 

3.3.2.4 Shock, Flight. The G&N equipment shall be subjected to the flight shock test of 
paragraph 4.2.2.2 as indicated in Figure 3-1. The equipment shall be subjected to one shock 
along each plus and minus direction of each of three orthogonal axes (6 shocks). 

3.3.2.5 Acceleration. The G&N equipment shall be subjected to either the launch or entry 
acceleration of paragraph 4.2.3.2 or 4.2.3.3 as indicated in Figure 3-1. The OUA eyepieces 
shall be in a normal flight stowage configuration during this exposure. The operational G&N 
equipment shall be exercised and functionally tested to the greatest extent possible within the 
limit of the centrifuge facility. Recording instrumentation shall be provided where applicable 
to monitor equipment performance. 

3.3.2.6 Ground Temperature. The G&N equipment shall be subject to the ground high and low 
temperature test of paragraph 4.2.4.2 as indicated in Figure 3-1. The equipment shall be 
operated during the periods indicated. During the operational periods of the cycle, the equipment 
shall be functionally checked in accordance with the applicable FTM within the limits imposed by 
the confines of the chamber and operational time limits. During the nonoperational storage 
temperature conditions all coolant and power (except that required for the normal heat, suspension, 
etc.) shall be off. For 30 minutes prior to each functional check, as identified in paragraph 

4.2.4.2 coolant shall be supplied to those equipments with heat exchangers or cold plates. The 
coolant flow rate and inlet temperature shall be controlled so that prior to and during the low 
temperature functional test the coolant shall maintain the heat exchanger or cold plate at the minimum 
ICD* allowable interface temperature +10° F -0°F (or the maximum allowable flow rate and 
minimum inlet temperature shall prevail); and prior to and during the high temperature functional 
test the heat exchanger or interface cold plate temperature shall be at the maximum allowed by 
the ICD* +0°F -10°F. During the storage temperature tests, auxiliary means may be used to 
maintain the IMU platform temperature. (This includes using the coolant temperature control. 

These auxiliary means may be used until stability in the operational mode has been established.) 

♦Block 1-100 Thermal ICD MH01-01249-416 
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3.3.2.7 Thermal-Vacuum. The G&N equipment shall be subjected to the thermal-vacuum 
conditions of paragraph 4.2.4.3 as indicated in Figure 3-1. During the environmental 
exposure the equipment shall be exercised as completely as possible and checked in accord 
with the applicable FTM within the limits imposed by chamber confinement. If the test 
sequence is interrupted the equipment shall be functionally checked before the sequence is 
reinitiated. During the test sequence the portions of the OUA normally exposed to space 
conditions shall be simultaneously exposed to the conditions of i through k, while the portions 
internal to the CM undergoes the conditions of steps a through h of paragraph 4.2.4.3. During 
steps b f c, and for 10 hours of step d of paragraph 4.2.4.3 the coolant flow rate and inlet 
temperature shall be controlled such that the 1MU heat exchanger and the equipment cold [date 
interface temperatures shall be at the maximum allowable ICD* interface temperatures +0 # F 
-10°F. For 10 hours of step f. of paragraph 4.2.4.3, the IMU heat exchanger and equipment 
cold plate interface temperatures shall be maintained at the minimum allowable ICD* interface 
temperatures, (maximum flow rate minimum inlet temperature). 

♦Block 1-100 Thermal ICD MH01-01249-416 

3.3.2.8 Oxygen, Overpressure and Temperature. The GfcN equipment shall be subjected to 
the oxygen overpressure and temperature test of paragraph 4.2.4.8 as indicated in Figure 3-1. 

All equipment shall be exercised as thoroughly as possible during this exposure. 

3.3.2.9 Humidity. The'G&N equipment shall be subjected to the humidity test of paragraph 

4.2.4.9 as indicated in Table 3-1. During the test all equipment shall be exercised as thoroughly 
as possible except during the portion of each cycle where the temperature is above 100°F. During 
the portion of each cycle when the ambient temperature te above 100*F, the equipment shall be 
off, except for coolant flow and power required for normal heat, suspension etc. The optics 
covers shall be in place during this test and the OUA shall be initially purged with dry nitrogen. 
Optics eyepieces will be heated during the test. 

3.3.2.10 Explosion. (Requirement deleted: see paragraph 4.2.5) 

3.3.2.11 Earth Landing Shock. The G&N equipment shall be subjected to the Earth Landing 
Shock test of paragraph 4.2.2.3 as indicated in Figure 3-1. There shall be no separation of 
any mounting point and no complete physical separation of equipment components or parts 
external to any unit which is mounted to the CM primary or secondary structure. Bending 
and distortion shall be permitted. Functional integrity need not be maintained. 

3.3.2.12 Overstress, Vibration. The G*N equipment shall be subjected to the overstress 
vibration conditions as indicated in Figure 3-1. All other conditions of paragraph 3.3.2.2 
shall apply. As this test is not a requirement of qualification, degraded performance shall 
not constitute reason for discontinuance of the test; however, all out-of-tolerance conditions 
shall be reported. 
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3.3.2.13 Overstress, Shock. (Requirement deleted. Additional vibration overstress level 
added as a substitute for shock overstress in Rev. B.) 

3.3.2.14 Overstress, Thermal-Vacuum. The GfcN equipment shall be subjected to the over¬ 
stress thermal-vacuum environmental conditions of paragraph 4.2.4.5 as indicated in Figure 
3-1. All other conditions of paragraph 3.3.2.7 shall apply. As this test is not a requirement 
for qualification, degraded performance shall not constitute reason for discontinuance of the 
test; however, all out-of-tolerance conditions shall be reported. 

3.4 SUBASSEMBLIES 

3.4.1 General. Selected subassemblies will be subjected to the qualification program as 
described within this section. In general, subassembly qualification shall be accomplished at 
design limit environmental stresses, and where applicable for a single operational cycle. Life 
conditions, where parameter drift is a major consideration, is for this program considered an 
environmental stress, and is included in the test program. 

3.4.1.1 Overstress. Following the qualification test cycle, the subassemblies shall be subjected 
to selected overstress conditions when applicable. The overstress tests shall be conducted where 
there is insufficient prior engineering evaluation data available to determine the design margin 

of safety. These tests shall not be used as criteria for qualification or disqualification of the 
G6N equipment and permanent failure may result from exposure to the high environmental stress 
conditions. 


3.4.1.2 Equipment. The subassemblies to be tested as described herein are identified in 
contractor technical directives. 

3.4.1.3 Test Matrix and Sequence. The test matrix identifying the environmental stresses to 
which each type of module shall be subjected is shown in Figure 3-2. The test sequence may 
be altered to facilitate chamber scheduling and permit efficient test conduct. 

3.4.1.4 Examination of Product. Each subassembly shall be visually inspected for mechanical 
discrepancies before and after being subjected to each environmental exposure. Particular 
attention shall be given to connectors and interconnection points. 

3.4.1.5 Test Conditions. The subassembly test conditions shall simulate the mounting inter¬ 
connection, and thermal control such as heat sinks or cold plates that would normally be seen 

as a part of its higher GW level of assembly. That is, unless otherwise specified, GME (Gimbal 
Mounted Electronics) subassemblies shall be maintained on a heat sink of 135±2° F, and PSA and 
AGC subassemblies shall be mounted on a heat sink which is maintained at the nominal temperature 
in accordance with system requirements. The remaining modules, OUA, D&C, etc. shall be 
normally mounted to a holding fixture and unless otherwise specified tested at room ambient 
conditions. The subassemblies shall be exercised and operated utilizing standard laboratory 
instruments or ground test equipment. Interconnection points on the subassemblies shall be 
mated utilizing normal airborne mating connectors. Power input shall be in accordance with the 
applicable PS or FTM. The type of test program that a particular module will undergo is dependent 
upon operation and location of the module. Conditions have been modified to consider the location 
of the subassemblies in their normal GW packaged location. Therefore, in many cases the 
climatic conditions are less severe or nonexistent than higher level of assembly equipment due 
to hermetic or environmental seals in the end item equipment. 
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Initial performance parameters shall be established at nominal cold plate conditions (step a. 
below) and shall be compared with the requirements of the applicable PS. Subsequent performance 
parameter measurements shall be compared to these initial readings. Out-of-tolerance conditions 
with respect to the applicable PS shall be noted, but shall not cause discontinuance of the test 
unless a catastrophic thermal run-away condition is indicated. The subassemblies, or parts 
thereof, contributing to degradation of performance during the test shall be identified if possible; 
however, continuation of the test shall take precedence over isolation of the portion of equipment 
causing such degradation during any one step. The test shall be discontinued at the point that 
equipment operation is no longer possible. The following test sequence, which comprises the 
induced failure overstress conditions, may be interrupted between lettered steps to facilitate 
scheduling problems, etc., provided that prior to reinitiating the test sequence, step a, is 
repeated to reestablish the measurement base. Critical performance parameters shall be 
monitored during the entire test sequence. The LEM thermal ICD (LIS 510-10001) shall be used 
to establish initial test conditions. 

a. Four (4) hours at nominal coolant temperature and flow rate conditions during which 
performance criteria are measured. 

b. Four (4) hours at maximum coolant inlet temperature specification limit +0-3*F and 
minimum flow rate specification limit during which performance criteria shall be 
measured and compared to that of step a. 

c. Same as step b. except the time shall be two hours and the temperature of the coolant 
8hall be increased 10* ±3°F. 

d. Same as step b. except the time shall be two hours and the temperature of the coolant 
shall be increased 20* ±3°F.. 

e. Same as step b, except the time shall be two hours and the temperature shall be 
increased 30* ±3°F. 

f. Repeat step a. 

g. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
15 ±5%. 

h. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
30±5%. 

i. Same as step b. except the time shall be two hours and the flow rate shall be reduced 
50±5%. 
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3.4.1.6 Performance. Unless otherwise specified in the test plan, the subassemblies shall 
meet the requirements of the applicable PS or FTM before, during where specified, and following 
each environmental exposure. The equipment shall be operational during all test phases, unless 
otherwise noted in the test plan. 

3.4.1.7 Witnessing Personnel. The NASA representative or his designated alternate shall be 

notified of all test phases in advance of their scheduled performance. ^ 

3 . 4 . 2 Block 1 (Series 100). The G&N subassemblies shall be subjected to the qualification design 
limit environmental stresses and the overstress tests as outlined in Figure 3-2 and as described 
herein. 

3.4.2.1 Thermal-Vacuum. The G&N equipment shall be subjected to the thermal vacuum test 
of paragraph 4.2.4.10 as indicated in Figure 3-2. During the exposures the subassemblies shall 
be energized and the performance checked in accordance with the applicable FTM or PS, except 
for a two (2) hour period at each of steps c., d., f., and g. of paragraphs 4.2.4.10.1 and 

4.2.4.10.2 during which time all power shall be off. If the test sequence is interrupted the 
subassembly shall be functionally checked before the sequence is reinitiated. The subassemblies 
shall be mounted on a heat sink simulating actual system usage. The heat sink - subassembly 
Interface temperature shall be maintained at each condition of paragraph 4.2.4.10.1 and 4.2.4.10.2 
in accordance with the following table: 



CDU, DSKY, and CM 

PSA, D&C, and 

OUA subassembly 

Test Condition of 

structure mounted sub- 

AGC subassembly 

heat sink Temp. 

paragraph 4.2.4.10.1 

assembly heat sink 

heat sink 

•F 

or 4.2.4.10.2 

Temperature 8 F 

Temperature *F 


a. 

75 

75 

75 

b. 

130 

105 

140 

c. 

130 

105 

140 

d. 

130 

105 

140 

e. 

20 

55 

20 

f. 

20 

55 

20 

g. 

20 

55 

20 

h. 

76 

75 

75 

i. 

75 

75 

75 


All above temperatures ±5*F 


26 



APOLLO GItN Specification 
ND1002037 REV D 


3.4.2.2 Humidity. The GltN subassemblies shall be subjected to the humidity test of paragraph 
4.2.4.9 as indicated in Figure 3-2. During the test the subassemblies shall be exercised as 
thoroughly as possible and performance shall be checked against the applicable FTM or PS. The 
equipment shall be operational for 22 hours during each 24 hour cycle. During the 2 hour off 
period, which may occur at any point in the cycle, all coolant flow to heat sinks and power shall 
be off. 


3.4.2.3 Acceleration. The GAN subassemblies shall be subjected to the accleration environment 
of paragraph 4.2.3.3 as specified in Figure 3-2 except the 20±1 g shall be applied along each 
plus and minus direction of each of three orthogonal axes of each subassembly. All equipment 
shall be operational and the performance checked in accordance with the applicable PS or FTM, 
unless otherwise specified in the detailed test plan. 

3.4.2.4 Vibration. The G&N subassemblies shall be subjected to the launch vibration of 
paragraphs 4.2.1.8, 4.2.1.10, or 4.2.1.11 as indicated in Figure 3-2. All equipment shall 
be operational except the OUA subassembly. The vibration shall be applied along each of three 
orthogonal axes, one of which shall be perpendicular to the normal mounting plane of the sub- 
assemblies. 

3.4.2.5 Shock. The GIN subassemblies shall be subjected to the flight shock test of paragraph 
4.2.2.2 in accordance with Figure 3-2. The equipment shall be subjected to one shock along 
each plus and minus direction of each of three orthogonal axes (6 shocks) one of which shall be 
perpendicular to the normal mounting plane. 

3.4.2.6 Endurance. The GftN subassemblies, as specified in Figure 3-2 shall be subjected to 
the endurance test as described herein. Each subassembly shall be mounted on a fixture or 
heat sink in accordance with paragraph 3.4.1.5. Throughout the test duration the test item 
shall be operational and the output parameters shall be monitored to determine drift with respect 
to time and environmental stress conditions. 

The endurance test shall be 5 endurance cycles (approximately 1000 hours). Each endurance 
cycle shall consist of two phases, one simulating periodic vibrational stress and the second 
thermal pressure environment. Each phase shall consist of five test cycles (24 hours each). 
Figure 3-8 identifies the conditions during each type of test cycle and is further described 
herein: 



TEMP »F 
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TEMPERATURE-PRESSURE TEST CYCLE 


PRESSURE SEA LEVEL, EXCEPT WHEN FUNCTIONAL 
CHECKS ARE PERFORMED 
TEMP: ROOM AMBIENT 




VIBRATION (15 MINUTES PER 24HOUR CYCLE) 


FCT CHECKS 
AT5PSIA ™ 


ASS'Y ENERGIZED 
i^FCT CHECKS. 


ASS'Y DE-ENERGIZED AT 5 PSIA 


2 HR 


A TYPICAL 24 HOUR TEST CYCLE VIBRATION- 

I 

VIBRATION TEST CYCLE 


Not**: 1) FIVE 24 HOUR TEMP-PRESSURE TEST CYCLES, PLUS FIVE 24 HOUR 
VIBRATION TEST CYCLES IS ONE ENDURANCE CYCLE 
2) FIVE ENDURANCE CYCLES CONSTITUTE THE ENDURANCE TEST 
(APPROXIMATELY 1000 OPERATING HOURS). 


FIG. 3-3 


ENDURANCE TEST SUBASSEMBLIES 
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3.4.2.6.1 Temperature-Pressure Cycle 

a. Start test at 77±5*F temperature and atmospheric pressure (during first cycle only). 
Test samples energized at all times except the last 2 hours at each cycle. 

b. Evacuate chamber to 5±2 psia (temperature 77±5°F). Hold for 5 hours. 

e. Raise temperature to 150±5°F. Hold for 2 hours (including temperature change 
interval). 

d. Lower temperature to 32±5*F. Hold for 2 hours (including temperature change 
interval.) 

e. Increase temperature to 77±5*F. Hold for the remainder of this cycle. 

f. De-energize test samples during the last two hours of cycle. 

g. Functional tests will be performed prior to and after step f. 

h. At least one major parameter of each assembly will be monitored during the steps 
b. through e. 

3.4. 2.6.2 Vibration Test Cycle. 

a. Ambient temperature shaft be 77±5*F throughout the cycle. 

b. Ambient pressure is atmospheric throughout the cycle, except when functional 
tests are performed. In the latter case the air pressure shall be 5±2 psia. 

c. Test samples will be de-energized during last two hours of cycle. 

d. Once each cycle, test samples will be subject to 3.5 g rms sinusoidal vibration 
(total displacement limited to 0.3 inch double-amplitude along the axis of maximum 
acceleration). The sweep frequency will be varied logarithmically at a rate of one 
octave per minute from 10-1000-10 cps for a total of 15 minutes. 

e. Functional tests will be performed before and after exposure to vibration. 

f. During vibration test cycle at least one major parameter of each assembly will be 
monitored for intermittent changes In magnitude and indications of malfunctions. 
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3.4.2.7 Thermal-Vacuum Overstress (Requirement deleted Rev. B) 

3.4.2.8 Vibration Over stress. The subassemblies specified in Figure 3-2 shall be subjected 
to the vibration overstress of paragraph 4.2.1.12. All other conditions of paragraph 3.4.2.4 
shall otherwise apply. As this test is not a requirement for qualification, degraded performance 
shall not constitute reason for discontinuance of the test; however, out-of-tolerance conditions 
shall be reported. 

3.4.2.9 Shock Overstress (Requirement deleted Rev. B) 

3.4.2.10 Long Term Aging Stability Test (Endurance). The GW subassemblies shall be 
installed on a cold plate in accordance with paragraph 3.4.1.5 and shall be operated throughout 
the test sequence. Room ambient pressure shall be maintained throughout the test and ambient 
temperature shall be varied simultaneously with the cold plate in the following manner: 

a. Four hours at 100±4°F. 

b. Decrease the temperature to 0±4°F in one hour maximum. 

c. Maintain 0±4°F for four hours. 

d. Raise the temperature to 100±4°F in one hour maximum. 

The above sequence represents one cycle. This cycle shall be repeated to accumulate 1000 
hours minimum of operational time on the subassemblies. During the 100±4°F temperature 
phase of one cycle the performance of the unit shall be checked once per day. 

3.5 Parts 

3.5.1 General. Parts as defined in Contractor Technical Directives shall be subjected to the 
qualification testing in accordance with their detailed SCD (Specification Control Drawing) or 
PS (Procurement Specification) and the general test criteria as established in the applicable 
part qualification specification. 

The controlling document for each individual part qualification test shall be applied in the 
following order of precedence: 

a. QAA (Qualification Status Sheet) 

b. Part Qualification Plan and Detailed Test Procedure 

c. SCD (Specification Control Drawing) 

d. PS (Procurement Specification) 

e. Applicable Qualification Specification 

f. Applicable Military Specification 
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4. TEST CRITERIA 

4.1 GENERAL. This section contains the detailed definitions of the specific environmental 
test levels and other criteria applicable to the environmental stress determination for tests 
as required in Section 3. 

4.2 ENVIRONMENTS 

4.2.1 Vibration 

4.2.1.1 General. Vibration test shall be conducted in accordance with the following paragraphs 
of MIL-STD-810, Method 514.1; Procedure I, Random Vibration; Control and Analysis 

of Random Vibration paragraph 9.3, Vibration Input Control paragraph 9.4 and Transducer 
Mounting paragraph 9.5 of Section 9 entitled Test Details and Techniques. Tolerance limits 
between 10 cps and 50 cps shall be ±3 db. In the event the ±1.5 db from 50 cps to 1000 cps 
cannot be met with existing facilities, the tolerance may be broadened to ±3 db providing the 
overall g rms level is held to ±10 percent. 

4.2.1.2 Launch, CM Primary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 1 Figure 4-la for 6 minutes 
minimum per axis. 

4.2.1.3 Launch, CM Secondary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 1 launch of Figure 4-2 for 6 
minutes minimum per axis. 

4.2.1.4 Launch Abort, CM Primary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 2 Figure 4-la for 30 seconds 
minimum per axis. 

4.2.1.5 Launch Abort, CM Secondary Structure. Random vibration having a Gaussian distribution 
and a peak to rms g ratio of 3 to 1 in accordance with Profile 2 launch abort of Figure 4-2. The 
exposure time shall be 30 seconds per axis. 

4.2.1.6 CM Gimbal Mounted Hardware (GME, etc). Sinusoidal vibration at 9. Og rms limited 
to 0.3-inch double-amplitude displacement, swept logarithmically from 10 to 2000 cps at a 
rate of one octave per minute. Following this test the following random vibration test shall be 
conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-1.b, Profile 2, for 6 minutes per axis. 






POWER SPECTRAL 
DENSITY g 2 /CPS 


TO *0 
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FIGURE 4-1.0 G&N MODULE RANDOM VIBRATION 




CM SECONDARY STRUCTURE LAUNCH AND ABORT RANDOM VIBRATION 
FIGURE 4-2 
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4.2.1.7 Launch CM Equipment Mounted on Isolated Navigation Base (Optical Unit Assembly). 
Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-la, Profile 3; the test duration shall be 6 minutes per axis. 

4.2.1.8 CM Overstress (except OUA). The vibration overstress shall be accomplished as 
follows: 

a. The vibration level shall be increased 3 db above the applicable launch vibration 
specified in paragraphs 4.2.1.2, or 4.2.1.3. Test duration shall be 2 minutes 
per axis. 

b. The vibration level shall be increased 6 db above the applicable launch vibration 
specified in paragraphs 4.2.1.2 or 4.2.1.3. Test duration shall be 2 minutes per 
axis. 

4.2.1.9 CM Overstress (OUA only). The vibration overstress shall be accomplished in two 
steps as follows: 

a. Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 

in accordance with profile 1. Figure 4-1. a for 2 minutes minimum per axis (Block II 
hard mounted configuration). 

b. The vibration level of step a above shall be increased 3 db and the test repeated. 
Exposure shall be 2 minutes per axis. 

4.2.1.10 CM Optical Unit Mounted Modules (Including SXT Index Head Assembly). Sinusoidal 
vibration at 9.0 g rms limited to 0.3-inch double-amplitude displacement, swept logarithmically 
from 10 to 2000 cps at a rate of one octave per minute. Following this test the following random 
vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-1. b, Profile 1, for 6 minutes per axis. 

4.2.1.11 CM G&N Modules. Sinusoidal vibration at 9.0 g rms limited to 0.3-inch double¬ 
amplitude displacement swept logarithmically from 10 to 2000 cps at a rate of one octave per 
minute. Following this test the following random vibration test shall be conducted. 

Random vibration having a Gaussian distribution and a peak to rms g ratio of 3 to 1 in accordance 
with Figure 4-1. c for 6 minutes per axis. 

4.2.1.12 Subassembly Overstress. The applicable random vibration of paragraphs 4.2.1.10 
or 4.2.1.11 shall be increased 3 db. The test duration shall be 6 minutes per axis. 
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4.2.2 Shock 

4.2.2.1 General. Shock tests shall be performed as follows using MIL-STD-810, Method 

516.1 as a guide. Unless otherwise specified the shock level tolerance shall be ±10 percent 
and time duration tolerance ±10 percent. In the event that the shock test is conducted utilizing 
a vibration exciter and the tolerance limits specified above can not be met, these limits may 
be broadened to account for the exciter dynamics; however, overshoot shall not exceed 75 
percent of the peak g value. The required deviation shall be as specified in the Test Plan. 

4.2.2.2 Flight Shock. One shock along each plus and minus direction of each of three 
orthogonal axes (6 shocks). Shocks shall be 20g terminal peak sawtooth waveform, of 6 
milliseconds duration. 

4.2.2.3 CM Earth Landing. One shock of 78 g, 11 milliseconds minimum duration, terminal 
peak sawtooth applied along the axis approximating the thrust axis (+Xcm ln Figure 4-3). 

4.2.3 Acceleration 

4.2.3.1 General. Acceleration tests shall be performed as follows using MIL-STD-810, 
Method 513.1, Procedure II as a guide. 

4.2.3.2 Launch. Exposure to 6±l/2 g in the +X CM , the + and -Z CM and either the + or - 
y CM axes « as ®hown in Figure 4-3, for 5 minutes minimum per axis. 

4.2.3.3 Entry and Abort. Exposure to accelerations of 20±lg for 5 minute minimum along 
a +X axis, (Either Xqm or X NB» see Figure 4-3) and in each plus and minus direction of 2 
orthogonal axes. 

4.2.3.4 Entry Nominal. Exposure to accelerations of 10±lg for 5 minutes minimum along 
a + X axis (either X^jm or X^q, see Figure 4-3). 

4.2.4 Climatics 

4.2.4.1 General. Unless otherwise specified the temperature and pressure tolerances are 
±5°F and ±0.5 psia. The rate of temperature change shall not exceed 30*F per minute and the 
rate of pressure change shall not exceed 5 psia per minute. The temperature shall be chamber 
air ambient temperature unless otherwise specified. 

4.2.4.2 Ground High and Low Temperature Design Limits. The test profile is shown in 
Figure 4-4 ’’Ground Temperature Design Limit Profile" and is explained as follows: 

a. 24 hours minimum at -20°F 

b. raise temperature to +20°F in one hour 

c. stabilize at +20° F for 4 hours 

d. maintain +20° F for duration of functional check (4 hours minimum) 

e. raise the temperature from +20°F to +140 # F +0,-5°F in 2 hours 

f. maintain 140°F +0® -5°F for 24 hours 

g. reduce the temperature to 107°F in one hour and stabilize at 107° F for 4 hours 

h. maintain 107 # F for duration of functional check (4 hours minimum) 
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4.2.4.3 Thermal Vacuum CM Design Limit Test. The thermal vacuum conditions are shown 
in Figure 4-5 "CM Thermal Vacuum Design Limit Cycle" and are described herein. Unless 
otherwise indicated, the time of exposure to an environment does not include the time required 
to attain that environment. The test sequence may be interrupted between lettered steps to 
facilitate scheduling problems, etc., however, it is desired to complete the total cycle once 
it has been initiated. 

a. 24 hours minimum at 75*F and 5.00*0.25 psia. 

b. At 5.00*0.25 psia, raise the air temperature from 75 # F to 100 # F in 4.0 hours maximum 

c. At 5.00±0.25 psia, raise the air temperature from 100 W F to 150*F in 20*2 minutes. Hold 
at 150°F for 20*2 minutes and then decrease the temperature to 100°F in 20*2 minutes. 

d. Reduce the pressure to between 1 x 10’ 4 and 1 x 10" 5 mm Hg at 100 # F wall temperature 
and maintain for 50 hours minimum. 

e. Raise the pressure to 5.00*0.25 psia and reduce the air temperature to 20 # F and 
maintain for 4 hours minimum. 

f. Reduce the pressure to between 1 x 10“ 4 and 1 x 10“® mm Hg at 20*F wall temperature 
and maintain for 50 hours minimum. 

g. Raise the pressure to 5.00*0.25 psia and the air temperature to 75*F and maintain 
for 4 hours. 

h. Establish room ambient pressure and temperature 

Space conditions which may occur simultaneously with the above are shown by dashed lines in 
Figures 4-5 and are described as follows: 

i. Cold wall at - 300 r+cr- 20 °F. 

j. Pressure of 10~ 7 mm Hg minimum 

k. Solar radiations at one solar constant for a total of 12 hours in 4 hour increments 

Each 4 hour increment of solar radiation shall preferably occur at the time indicated In Figure 4-6. 
However, at a minimum, one exposure shall be during the CM conditions of 5 psia and 75°F, one 
during the 10“ 4 mm Hg at 100°F wall, and one during the 10”* mm Hg and 20 # F wall. Test inter¬ 
ruptions are permitted for carbon rod replacement. This time shall not be considered as a part 
of the 4 hour increment. MIL-STD-810, Method ,517.1 "Low Pressure-Solar Energy’* 
shall be used as a guide for this test. 
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4.2.4.4 Cabin Atmosphere and Thermal Vacuum CM Nominal Limit Test. The cabin atmos¬ 
phere and thermal vacuum conditions are shown in Figure 4-6 and are described herein. 

Unless otherwise indicated the time of exposure to an environment does not include the time 
required to attain that environment. The test sequence may be interrupted between lettered 
steps to facilitate scheduling, changing chambers, etc., however, the test sequence shall be 
maintained. 

a. 24 hours minimum at 75°F at 14.7 psia with 95±5 percent pure dry oxygen atmosphere. 

b. 24 hours minimum at 105*F at 5±0.25 psia with 95±5 percent pure dry oxygen. 

c. 24 hours minimum at 55 # F at 5=fa0.25 psia with 95±5 percent pure dry oxygen. 

d. 48 hours minimum at 75*F at 5±0.25 psia with 95±5 percent pure oxygen. A one percent 
by weight salt spray solution fog shall be intermittently imposed on the equipment, 

6 hours on and 6 hours off. MIL-STD-810 Method 509.1 shall be used as a guide. ? 

e. 120 hours at 40 percent minimum relative humidity in accordance with Figure 4-6* The 
pressure shall be maintained at 5±2 psia 95±5 percent oxygen. The temperature may be 
uncontrolled between 75 and 85°F. 

L 100 hours minimum at 75* F wall temperature and a pressure between 1 x 10“ 4 and 
1 x 10" 5 mm Hg. 

g. 100 hours at -300 # +<f-20 # F cold wall at 1 x 10“7 mm Hg minimum. 

During this exposure the equipment shall be subjected to solar radiation at one solar constant 
for a total of 10 hours in 2 hour increments. The five 2 hour solar exposures shall be spaced 
throughout the total exposure, ideally as shown in Figure 4-6.. Test Interruptions are permitted 
for carbon rod replacement. This time shall not be considered as a part of the 2 hour increment. 
MIL-STD-810, Method ,517.1 shall be used as a guide for this test. •< • • • 

4.2.4.5 Thermal Vacuum CM Overstress Test. The thermal vacuum conditions shall be those 
of paragraph 4.2.4.3 step a. through d. and i. through k. modified as follows: 

a. 2 hours minimum rather than 24. 

b. No change. 

c. Maximum temperature shall be 200*F rather than 150*F 

d. Well temperature shall be 150*F rather than 100*F and exposure time shall be 
24 hours. 
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Space conditions which occur simultaneously with d. are described as follows: 

i. No change. 

j. No change. 

k. Solar radiation of one solar constant for one 2 hour exposure during the 24 hours 
exposure. 

4.2.4.6 (Test requirements deleted Rev. D, paragraph left blank intentionally) 

4.2.4.7 (Test requirements deleted Rev. D, paragraph left blank intentionally) 

4.2.4.8 Oxygen, Overpressure, Temperature. The overpressure oxygen environmental 
conditions at elevated temperatures are described herein. 

a. The equipment shall be exposed to an atmosphere of 95±5% pure oxygen at a pressure 
21 psia and a temperature of 75°F for a duration of 2 hours minimum. 

b. The pressure of the 95±5% oxygen atmosphere shall be lowered to 14.7 psia at 75° F 
and maintained for 12±Q. 1 hours. 

c. The temperature shall be raised to 105°F and the oxygen atmosphere maintained at 
14.7 psia for a duration of 12 hours minimum. 

4.2.4.9 Humidity, Temperature. The humidity environment shall be five 24 hour humidity 
cycles in accordance with Method 507.1 of MIL-STD-810 except the maximum temperature 
shall be 120°F. The temperature shall be raised from 70°F to 120°F in 2 hours, 120 # F shall 
be maintained for 6 hours minimum and then the temperature shall be gradually reduced to 
70° F over the next 16 hours. 

4.2.4.10 Thermal Vacuum CM Subassembly Design Limit Test. The thermal vacuum test 
sequence identified in this section shall be imposed upon the subassemblies while they are 
mounted on an appropriate thermally controlled heat sink. Unless otherwise indicated, the 
time exposure to an environment does not include the time required to attain that environment. 

The test sequence may be interrupted, or rearranged to facilitate scheduling problems, etc.; 
however, it is desired to complete the total thermal vacuum cycle once it has been initiated. 

If the sequence is interrupted, prior to resumption of the test, step a. shall be repeated, for a 
sufficient time duration to re-establish a measurement base. 
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4.2.4.10.1 All Subassemblies Except Those Mounted on the OUA. 

a. 12 hours at 5 psia and 75°F. 

b. Raise temperature to 150°F in one hour maximum. 

c. Maintain 5 psia 150 # F air temperature for 12 hours. 

d. Reduce the pressure to 1 x 10” 4 mm Hg or less, maintaining chamber wall temperature 
at 150°F for 12 hours. 

e. Raise the pressure to 5 psia, reduce the temperature to +20° F in one hour maximum. 

f. Maintain 5 psia and 20*F air temperature for 12 hours. 

g. Reduce the pressure to 1 x 10” 4 mm Hg or less, maintaining the chamber wall 
temperature at 20°F for 12 hours. 

h. Raise the pressure to 5 psia and the temperature to 75°F in one hour maximum. 

i. Maintain 5 psia and 75°F for four hours. 

4.2.4.10.2 OUA Subassemblies (Including SXT Head Assembly) 

a. 8 hours at 14.7 psia and 75°F. 

b. Raise temperature to 140 # F in one hour maximum. 

c. Maintain 14.7 psia and 140°F air temperature for 8 hours. 

d. Reduce the pressure to 1 x 10“ 7 mm Hg or less, maintaining the chamber wall 
temperature at 140°F for 8 hours. 

e. Raise the pressure to 14.7 psia and reduce the temperature to +20°F in one hour 
maximum. 

f. Maintain 14.7 psia and +20°F air temperature for 8 hours. 

g. Reduce the pressure to 1 x 1<T 7 mm Hg or less, maintaining the chamber wall 
temperature at +20° F for 8 hours. 

h. Raise the pressure to 14.7 psia and the temperature to 75 # F in one hour maximum. 

i. Maintain 14.7 psia and 75°F for four hours. 
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4.2.4.11 Oxygen, Overpressure, Temperature and 1% Salt Fog. The Oxygen, Overpressure, 
Temperature, and 1% Salt Fog Test sequence is shown in Figure 4-7 and is described herein. 

a. The system shall be exposed to an atmosphere of 95±5% pure oxygen at a pressure of 
21 psia and a temperature of 75°F for a duration of 2 hours minimum. 

b. The pressure of the 95±5% oxygen shall be reduced to 14.7 psia at 75°F and maintained 
for a minimum of 10 hours. 

c. The temperature shall be increased to 105° F and the oxygen atmosphere maintained at 
14.7 psia for 12 hours maximum. 

d. The pressure shall be reduced to 5 psia and the temperature lowered to 75°F and 
the oxygen atmosphere maintained for 24 hours. 

e. During the 5 psia exposure of step d. above, a 1% by weight salt spray solution fog 
shall be intermittently imposed on the equipment 6 hrs. on and 6 hrs. off, for a total 
spray exposure of 12 hours. M1L-STD-810 Method 50 g. 1 may be used as a guide. 

4.2.5 Explosion. (This requirement deleted. The oxygen, overpressure, temperature test 
will determine equipment susceptibility to hazardous gases and fulfill the explosion requirement.) 

4.2.6 EMI (Electromagnetic Interference). The EMI level ami susceptibility of the G&N equipment 
shall be determined as specified in MIL-I-26600 and MSC-ASPO-EM1-10A. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6. NOTES 

6.1 Definitions 

6.1.1 Operational Cycle. The total operational time under all conditions and nonoperational 
time under ground environmental conditions which a normal G&N system will experience; 
beginning with the start of sell off in the System Assembly Test (SAT) area and continuing through 
the flight mission. The operational cycle specified within this document simulates the above 
conditions, except that the time and environments of the SAT area are not repeated nor included 
in the qualification testing. 

6.1.2 Mission Cycle. The total time under operational and nonoperational equipment modes 
that the G&N system will experience from prelaunch checkout, and through all flight environments 
to earth landing. The mission cycle specified within this document simulates the above conditions. 
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6.1.3 Design Limit. The environmental exposure extremes which the equipment has been 
designed to withstand. 

6.1.4 Nominal Limit. The environmental exposures that the equipment will encounter during 
its life excluding emergency and abort flight conditions and uncontrolled ground conditions. 

6.1.5 Detailed Test Plan. The plan to which a test will be conducted. The plan shall show 
what will be tested, how it will be tested, the test schedule, the performance parameters and 
tolerances, and all information necessary to evaluate the proposed test. The detailed test 
procedures which are to be a step-by-step operating procedure will be a separate document 
unless otherwise specified. 

6.2 NOTICES. When Apollo G&N drawings, specifications, or other data are used for any 
purpose other than in connection with a definitely related NASA procurement operation, NASA 
thereby incurs no responsibility nor any obligation whatsoever; and the fact that NASA may have 
formulated, furnished, or in any way supplied the said drawings, specification, or other data 
is not to be regarded by implication or otherwise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights or permission to manufacture, use, or 
sell any patented invention that may in any way be related thereto. 
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NASA DOCUMENT 

PROCESS FOR TOUCH-UP OF BLACK ANODIZED ALUMINUM AND GALVANIC 
ANODIZED MAGNESIUM. 


The purpose of this document is to prescribe the process for touch-up of 
all aluminum which has been black anodized per MIL-A-8625, Type II and for 
touch-up of magnesium which has been galvanic anodized per MIL-M-3171, Type 
IV. 
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l. INTRODUCTION 


1.1 Scope - This publication covers the process for "touching-up 11 

aluminum which has been black anodized per MIL-A-8625, Type II, and the . ' 
process for "touching-up" magnesium which has been galvanic anodized per 
MIL-M-3171, Type IV, The "touch-up" procedure consists of a chromate con¬ 
version treatment followed by a black epoxy coating. * * 

1.2 Health and Safety - For the coating procedures contained herein, 
adequate ventilation should be provided. Observe standard laboratory techniques 
for handling acids and caustic materials with provisions for adequate ventilation 
and fire precautions. 

2. APPLICABLE DOCUMENTS 

2.1 The following list of documents form a part of this publication 
to the extent specified herein: 
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PROCESS FOR 

TOUCH-UP OF ANODIZED ALUMINUM 
AND MAGNESIUM 

l. INTRODUCTION 

1.1 Scope - This publication covers the process for "touching* up^* 
aluminum which has been anodised per MIL-A-8625, Type II, and the process 
for "touching up" magnesium which has been galvanic anodised per MIL-M-3171, 
Type IV or which has been hard coat anodised per MIL-M-45202. The 
"touch-up" procedure consists of a chromate conversion treatment followed 

by an epoxy coating. 

1. 2 Health and Safety - For the coating procedures contained 
herein, adequate ventilation should be provided. Observe standard lab¬ 
oratory techniques for handling acids and caustic materials with provisions 
for adequate ventilation and fire precautions. 

2. APPLICABLE DOCUMENTS 

2.1 The following list of documents form a part of this publication 
to the extent specified herein: 

SPECIFICATIONS 

Federal • 

Toluene, Technical 
Methyl-Ethyl-Ketone 
Freon Liquid, Type 113 
Acid, Hydrochloric, Technical Grade 
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Aluminum Alloys 
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Paint, Varnish, Lacquer, and Related 
Materials, Methods of Inspection, 
Sampling, and Testing 


Test Methods for Electronic and 
Electrical Component parts 


Chromate Conversion Compound 
for Aluminum 

Chromate Conversion Compound 
for Magnesium v 

Thinner 

Ink, Epoxy, -FiatJack 
Curing Agent 


3. MATERIALS AND EQUIPMENT 
3.1 Chromate conversion compound per 1010298 
3. 2 Chromate conversion compound per 1006270 
3.3 Epoxy ink, per 1006271 


3.4 Hydrochloric acid, 20 Baum'e technical grade per O-A-86 


3.5 Toluene, technical grade per TT-T-548 
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3.7 Methyl-ethyl-ketone per TT-M-261 

3.8 Caring Agent per 1006272 

3.9 Thinner per 1006274 

4. PROCEDURE 

4.1 Application of Chromate Conversion Coating on Aluminum 

4.1.1 Clean surface to be "touchediupP* with toluene* methyl* 
ethyl-ketone* freon TF* or equivalent. 

4.1.2 Apply the following "touch-up^' eolation with suitable swab 
or brush to bare area. 

Chromate conversion compound per 1010298 3 ounces 

Water 1 gallon 

4.1.3 Allow solution to remain in contact for one to two minutes. 

Do not allow solution to dry during entire period. Apply additional sole* 
tion* if necessary* to keep wet, 

4.1.4 Rinse area thoroughly with cold water* using suitable clothe 
or equivalent. 

4.1. 5 Allow area to dry at room temperature or force dry at 120°F. 

4. 2 Application of Chromate Conversion Coating on Magnesium 

4.2.1 Clean surface to be "touched-up' 1 with toluene* methyl-ethyl- 
ketone* freon TF* or equivalent. 

4.2.2 Apply .the following touch-up solution with suitable swab or 
brush to bare area. 

Chromate conversion compound per 1006270 5 os. (142 grams) 

Hydrochloric acid* 20 Baum'e 7 1/2 fl. os. 

Water 1 gallon 

NOTE: Always add acid and compound to water 




APOLLO 

G It N SPECIFICATION 
ND 1002040 
3 April 1963 

4. 2. 3 Allow solution to remain in contact for 30 seconds to 2 
minutes. Do not allow solution to dry dur ing entire period. Apply 
additional solution if necessary to keep wet. 

4. Z .4 Rinse area thoroughly with cold water, using suitable cloths 
or equivalent. 

4. 2.5 Allow area to dry at room temperature of force dry at 
130°F maximum. 

4.3 Application of Epoxy Coating 

NOTE: If parts fcre handled prior to application of epoxy 
coating, clean surface of parts to be coated with freon T7 
or toluene, or methyl -ethyl -ketone, or equivalent* 

4.3.1 Prepare the following mixture 

Epoxy per 1006271 100 parts by wt* 

Curing agent per 1006272 per SCD 1006271 

Thinner • per 1006274 0 to 30 parts by wt** 

*Colors shall be selected and blended as required from those listed 
in NASA Dwg 1006271 such that the final color will match the ano¬ 
dized surface as closely as possible. 

♦♦May be added up to 30 parts by weight when required to facilitate 
method of application. 

4.3. 2 Apply 4. 3. 1 epoxy mixture to chromated area. 

NOTE: Epoxy coating shall not be used on interface surface# 
or any surface required for heat transfer. 

4. 3.3 Air dry for 24 hours or force dry at 130°F maximum for 20 
minutes. 

NOTE: Air drying at room temperature will allow handling in 
2 hours while good solvent resistance will be achieved in 24 
hours. Final cure is not dependent on oxidation and is attained 
after 7 days. 
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PROCESS FOR 

TOUCH-UP OF ANODIZED ALUMINUM 
AND MAGNESIUM 

1. INTRODUCTION 

1.1 Scope - Thie publication covers the process for "touching - up>» 
aluminum which has been anodized per MIL -A-8625, Type II, and the process 
for "touching up" magnesium which has been galvanic anodized per MIL-M-3171, 
Type IV or which has been hard coat anodized per MIL-M-45202. The 

"touch-upP* procedure consists of a chromate conversion treatment followed 
by an epoxy coating. 

1.2 Health and Safety - For the coating procedures contained 
herein, adequate ventilation should be provided. Observe standard lab¬ 
oratory techniques for handling acids and caustic materials with provisions 
for adequate ventilation and fire precautions. 

2. APPLICABLE DOCUMENTS 

2.1 The following list of documents form a part of this publication 
to the extent specified herein: 


Toluene, Technical 

Methyl-Ethyl-Ketone 

Freon Liquid, Type 113 

Acid, Hydrochloric, Technical Grade 


Chemical Films for Aluminum and 
Aluminum Alloys 

Anodic Coatings for Aluminum and 
Aluminum Alloys 

Magnesium Alloy, Process for 
Corrosion Protection of 
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Paint, Varnish, Lacquer, and Related 
Materials, Methods of Inspection, 
Sampling, and Testing 


Test Methods for Electronic and 
Electrical Component parts 


Chromate Conversion Compound 
for Aluminum 


1006270 


Chromate Conversion Compound 
for Magnesium 


1006274 

1006271 

1006272 


Thinner 

Ink, Epoxy, Fiai, &Uick 
Curing Agent 


3. MATERIALS AND EQUIPMENT 


3.1 Chromate conversion compound per 1010298 

3.2 Chromate conversion compound per 1006270 

3.3 Epoxy ink, per 1006271 

3.4 Hydrochloric acid, 20° Baum'e technical grade per O-A-86 

3.5 Toluene, technical grade per TT-T-548 


3. 6 Freon TF per BB-F-671 
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3.7 Methyl-ethyl-ketone per TT-M-261 

3.8 Curing Agent per 1006272 

3. 9 Thinner per 1006274 

4, PROCEDURE 

4.1 Application of Chromate Conversion Coating on Aluminum 

4.1.1 Clean surface to be "touchedMipP' with toluene, methyl- 
ethyl-ketone* freon TF, or equivalent. 


4.1.2 Apply the following "touch-up'* solution with suitable swab 
or brush to bare area. 

Chromate conversion compound per 1010298 3 ounces 

Water * gallon 


4.1. 3 Allow solution to remain in contact for one to two minutes. 

Do not allow solution to dry during entire period. Apply additional solu¬ 
tion, if necessary, to keep wet. 

4.1.4 Rinse area thoroughly with cold water, using suitable cloths 
or equivalent. 

4.1. 5 Allow area to dry at room temperature or force dry at 120°F. 

4. 2 Application of Chromate Conversion Coating on Magnesium 

4.2.1 Clean surface to be "touched-up" with toluene, methyl-ethyl- 
ketone, freon TF, or equivalent. 

4. 2. 2 Apply -the following touch-up solution with suitable swab or 
brush to bare area. 

Chromate conversion gompound per 1006270 5 os. (142 grams) 

Hydrochloric acid, 20 Baum'e 7 1/2 fl. os. 

Water 1 gaUon 

NOTE: Always add acid and compound to water 
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4. 2. 3 Allow solution to remain in contact for 30 seconds to 2 
minutes. Do not allow solution to dry during entire period. Apply 
additional solution if necessary to keep wet. 

4. 2..4 Rinse area thoroughly with cold water, using suitable cloths 
or equivalent. 


4. 2.5 Allow area to dry at room temperature of force dry at 
130°F maximum. 

4. 3 Application of Epoxy Coating 

NOTE: If parts fcre handled prior to application of epoxy 
Coating, clean surface of parts to be coated with freon TF 
or toluene, or methyl-ethyl-ketone, or equivalent. 

4.3.1 Prepare the following mixture 

Epoxy per 1006271 100 parts by wt* 

Curing agent per 1006272 per SCD 1006271 

Thinner per 1006274 0 to 30 parts by wt** 

♦Colors shall be selected and blended as required from those listed 
in NASA Dwg 1006271 such that the final color will match the ano- 
diaed surface as closely as possible. 

♦♦May be added up to 30 parts by weight when required to facilitate 
method of application. 

4.3. 2 Apply 4. 3. 1 epoxy mixture to chromated area. 

NOTE: Epoxy coating shall not be used on interface surfaces 
or any surface required for heat transfer. # OR WHERE ELECTRICAL 

BONDING IS REQUIRED. o , ^ 

4.3.3 Air dry for 24 hours or force dry at 130 F maximum for 20 

minutes. 


NOTE: Air drying at room temperature will allow handling in 
2 hours while good solvent resistance will be achieved in 24 
hours. Final cure is not dependent on oxidation and is attained 
after 7 days. 


(Rev fl) 
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5. QUALITY CONTROL 

5.1 The chromate conversion coating solutions shall be made up 
fresh at least once a week. 

5. 2 The chromate conversion coating on the aluminum shall meet 
the requirements of MIL-C-5541. 

• 

5. 3 The epoxy coating shall be uniform in color, shall match as 
closely as possible the anodised surface in color, and shall show no loss 
of adhesion when subjected to the wet tape adhesion test per Method 6301 
of Fed-Std-No 141. 

5.4 The touched up area on aluminum shall be equivalent to the 
anodised area in corrosion resistance when tested for moisture resistance 
per MIL -STD -202, Method 106. 

6. NOTES 

6.1 Intended Use - The procedure contained herein is for 

"touching-up'’ aluminum where any of the anodised surface has been 
removed, and for "touching -up^' magnesium where the hard coat 
anodised surface has been removed. 
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3.7 Methyl -ethyl -ketone per TT-M-261 

3.8 Curing Agent per 1006272 

3. 9 Thinner per 1006274 

4. PROCEDURE 

4.1 Application of Chromate Convert ion Coating on Aluminum 

4.1.1 Clean surface to be "touched^up" with toluene, methyl - 
ethyl-ketone, freon TF, or equivalent. 

4.1. 2 Apply the following "touch-up^' solution with suitable swab 
or brush to bare area. 




Chromate conversion compound per 1010298 
Water 


3 ounces 
1 gallon 


4.1. 3 Allow solution to remain in contact for one to two minutes. 
Do not allow solution to dry during entire period. Apply additional solu¬ 
tion, if necessary, to keep wet. 


i 

f 


4.1.4 Rin 
or equivalent. 


. thoroughly with cold water, using suitable cloths 


4.1. 5 Allow area to dry at room temperature or force dry at 120 F. 
4. 2 Application of Chromate Conversion Coating on Magnesium 


' ' 




4. 2.1 Clean surface to be "touched-up" with toluene, methyl-ethyl- 
ketone, freon TF, or equivalent. « 

4. 2. 2 Apply .the following touch-up solution with suitable swab or 
brush to bare area. 

Chromate conversion gompound per 1006270 5 os. (142 grams) 

Hydrochloric acid, 20 Baum'e 7 1/2 fl. os. 

Water 1 gallon 

NOTE: Always add acid and compound to water 

For touching up magnesium alloys HK-31, ZK-51A, and ZK-60, use the following 
procedure: ,t«« b .» z 


Solution Concentration 


Chromate conversion compound per SCD 1006270 

Hydrochloric Acid, 20° Bel 

Water 
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5 oz. ((142 gms.) 
2 fl. oz. 

1 gallon 


if 
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Solution Contact Time 

30 seconds to 1 minute @ room temperature. 

Allow solution to remain in contact for 30 seconds to 2 minutes. 

4.2.3 Do not allow solution to dry during entire period. Apply 
additional solution if necessary to keep wet. 

4.2.4 Rinse area thoroughly with cold water, using suitable cloths 
or equivalent. 

4.2.5 Allow area to dry at room temperature of force dry at 
130°F maximum 

4.3 Application of Epoxy Coating 

NOTE: If parts are handled prior to application of epoxy 
coating, clean surface of parts to be coated with freon TF 
or toluene, or methyl-ethyl-ketone, or equivalent. 

4.3.1 Prepare the following mixture 

Epoxy per 1006271 100 parts by wt* 

Curing agent per 1006272 per SCD 1006271 

Thinner per 1006274 0 to 30 parts by wt** 

♦Colors shall be selected and blended as required from those listed 
in NASA Dwg 1006271 such that the final color will match the ano¬ 
dized surface as closely as possible. 

**May be added up to 30 parts by weight when required to facilitate 
method of application. 

4.3.2 Apply 4.3.1 epoxy mixture to chromated area. 

NOTE: Epoxy coating shall not be used on interface surfaces 
or any surface required for heat transfer, OR WHERE ELECTRICAL 
BONDING IS REQUIRED. 

4.3.3 Air dry for 24 hours or force dry at 130°F. maximum for 20 
minutes. 

NOTE: Air drying at room temperature will allow handling in 
2 hours while good solvent resistance will be achieved in 24 
hours. Final cure is not dependent on oxidation and is attained 
after 7 days. 
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PROCESS FOR 

TOUCH-UP OF ANODIZED ALUMINUM 
AND MAGNESIUM 


1. INTRODUCTION 

1.1 Scope - This specification describes the following processes: 

a. Touch-up of aluminum which has been anodized per 
MIL-A -8625 Type I or Type II. 

b. Touch-up of magnesium which has been anodized per 
MIL-M-3171 Type IV (Dow 9), or MIL-M-452Q2 Type I 
Class C and Type II Class D (Dow 17). 

c. Coating of areas on anodized aluminum and magnesium 
for electrical grounding. 

1.2 Health and Safety - For the coating procedures contained herein, 
adequate ventilation should be provided. Observe standard laboratory techniques 
for handling acids and caustic materials with provisions for adequate ventilation 
and fire precautions. 

2.. APPLICABU DOCUMENTS 

2.1 The following list of documents form a part of this specification 
to the extent specified herein: 

SPECIFICATIONS 


Federal - 

TT-M-548 

TT-M-261 

BB-F- 67 I 

0-C-3Q3 

Military - 

MIL-C-5541 


MIL-A-8625 


MIL-M-3171 


Toluene, Technical 
Methyl-Ethyl-Ketone 
Freon Liquid, Type 113 
Chronic Acid, Technical Grade 


Chemical Films for Aluminum and 
Aluminum Alloys 

Anodic Coatings for Aluminum and 
Aluminum Alloys 

Magnesium Alloy, Process for 
Corrosion Protection of 


MIL-M -45202 Anodic Treatments for 

Magnesium Alloys 
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STANDARDS 

Federal - 

Fed-Std-l4l 


Faint, Varnish, Lacquer, and Related 
lfoterlala, Methods of Inspection, 
Sampling, and Testing 


Military - 

MIL-STO-202 


CRAVING8 


Test Methods for Electronic and 
Electrical Component parts 


1010296 

100627* 

1006271 

1006272 

3. MATERIALS AID 1QUIFMHIT 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 Calcium Sulfate, 


Chromate Conversion Compound 
for Altaolnun 

Thinner 

Ink, Epoxy 

Curing Agent 


Chrosmte conversion compound per 1010298. 
Chromate conversion compound per 1006270. 
Q>oxy ink, per 1006271. 

Toluene, technical grade per TT-T-548. 
Freon TF per HB-P-671. 
Methyl-ethyl-ketone per TT-M-261. 

Curing Agent per 1006272. 

Thinner per 1006274 
Chromic Acid per 0-C-303. 

Technical Grade. 
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1. INTRODUCTION 


«•“ *. j ”S" i - up " 

MIL-C-5541. conversion film in accordance with 

ientiUtSU 1 8 Sld i K° ntalned herei "’ adequate 

handling acids and caSsTc Z* “?"*"* tech "^es for 

and fire precautions Wlth provl8,on8 for ^equate ventilation 


2. APPLICABLE DOCUMENTS 


2.1 The following list of documents form 
extent specified herein: 


a part of this publication to the 


SPECIFICATIONS 


Military- 


MIL-C-5541 

MIL-A-8625 

DRAWINGS 


Chemical Films for Aluminum and 
Aluminum Alloys 

Anodic Coatings, for Aluminum and 
Aluminum Alloys 


MIT/NASA APOLLO Drawings 


SCD 1010298 
SCD 1010299 
SCD 1010300 
SCD 1010301 


Chromate conversion compound 

Coating, water soluble resin dispersion 
Wetting agent, nonionic 
Dye, organic, black 
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NASA DOCUMENT 

PROCESS FOR EPOXY BONDING WITH ELECTRICALLY CONDUCTIVE 
ADHESIVE 


The purpose of this document is to describe the process for bonding 
metals, plastics, ceramics, and glass to themselves or to each other 
with an electrically conductive adhesive. 



(Signed) 


Date 


MIT Instrumentation Laboratory 


NASA/MSC ASPO Approval 
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1. SCOPE 


1.1 Scope. This publication describes the process for bonding metals, 
plastics, ceramics, and glass to themselves or to each other with an 
electrically conductive adhesive. 


1.2 Heath and Safety. For the plastic procedures contained herein, 
adequate ventilation should be provided. Avoid skin contact with uncured 
plastic materials; if contact occurs, take the necessary measures specified 
by the manufacturer. 


2. APPLICABLE DOCUMENTS 


2.1 The following documents form a part of this publication to the extent 
specified herein: 


DRAWINGS 

MIT/NASA APOLLO DRAWINGS 

SCD 1010302 Adhesive Epoxy, Electrically Conductive 

SCD 1010303 Adhesive, Electrically Conductive 

SCD 1010304 Catalyst, Amine 


3. MATERIALS AND EQUIPMENT 


Adhesives covered by this publication are of two types: (1) Type I is a 
one component high temperature curing electrically conductive epoxy adhesive; 
(2) Type II is a two component low temperature curing electrically conductive 
adhesive system. 


3.1 Adhesive, epoxy, electrically conductive per SCD 1010302. 

3.2 Two component epoxy adhesive. 

3.2.1 Adhesive, electrically conductive per SCD 1010303. 

3.2.2 Catalyst, amine per SCD 1010304. 
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1. 


QUALIFICATION SPECIFICATION 
C < TRANSFORMERS AND WHIGTORS 

INTRODUCTION 


1.1 SCOPE* This specification establishes the qualification re¬ 

quirements for transformers and inductors for use in the Apollo Guidance 
and Navigation Equipment. 

1. 2 EXTENfc OF QUALIFICATION. All transformers and inductors 

shall bo qualified in accordance with this specification. In the event of similarity 
to qualified parts, qualification te at on e e donfr hfr performed for affected para¬ 
meters. Part similarity exists if the following characteristics are the same 

or exceeded: 

(1) General part eenfiguration 

(2) Manufacturer 

' ' i. . ; .1 

(3) Electrical and fhsrsiil ratings. 

2. APPLICABLE DOCUMENTS 

p* 1 The following documents shall form s part ef this specification 

to the extent specified herein. Unless otherwise specified, the issue in 
effect on the date of this specif!catioa shall govern. 

SPECIFICATIONS 


Military 
MIL-T-27 

STANDARDS 

Military 

MIL-STD-202 

MIL-STD-810 


Transformers and Inductors. 
Audio, Power and Pulse 


Test Methods for Electronic 
and Electrical Component 


Environmental Test Methods In 
Aerospace and Ground Equipment 
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QUALIFICATION SPECIFICATION 
C T TiAWPORMER8 AND INDUCTORS 


L INTRODUCTION 

1.1 SCOPE. Thii iptcilleatiM tftaUiilMa th« qualificttioii it* 

quirements for transformers and Indactors for use in the Apollo Guidance 
and Navigation Equipment. 

1.2 EXTEllfe OF QUALIFICATION. All transformers and inductors 

shall be qualified in accordance with this specification. In the event of similarity 
to qualified parts, qualificatien tesln—d >sfrrb> performed for affected para¬ 
meters. Part similarity exists if the following characteristics are the same 

or exceeded! . 

(1) General part configuration 

(2) Manufacturer 

(3) Electrical and fherml ratings. 

3. APPLICABLE DOCUMENTS 

I The following documents shall form a part of this specification 

to the extent specified herein. Unless otherwise specified, the issue in 
effect on the date of this specification shall govern* 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors. 

Audio. Power and Pulse 

STANDARDS 

Military * 

MIL-STD-202 Test Methods for Electronic 

and Electrical Component 

' *■**. , 

MIL-STD-S10 Environmental Test Methods In 

Aerospace and Ground Equipment 
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A ■*■*&*.. 
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3. requirements 

3. l GENERAL* The transformers and inductors shall bo qualified 

by successfully meeting the requirements of Section 4, 

3.2 PRIOR COMPLIANCE. The transformers and inductors shall 
have successfully met all the requirements of the applicable drawing and 
procurement specification prior to being submitted for qualification testing 
as specified in this specification* 

3.3 TEST CONIXTtONS 

3.3,1 Atmospheric, Unless otherwise specified in this specification, 
tests shall be p^rfxM’mcd at room ambient atmospheric pressure, a temp* 
erature of 25° ±&*\^ani relative humidity of 70 percent maximum* 

3.4 INSTRUMENTATION AND TOLERANCES. Unless otherwise 

specified, all values given are absolute and do not reflect allowances for 
instrumentation error, loads, or variations in supply voltages and frequen¬ 
cies* Instrumentation error and load effects shall be taken into account as 
nesessary for the proper performance of the tests and the evaluation of re¬ 
sults. 

S*S SAMPLING* A minimum of •samples shall be serialised and 

subjected to qualification test* 

3* I TEST SCHEDULE* Samples shall be tested in accordance 

with Specification MIL-T-27 for the type designated on the applicable 
drawing. The preferred test sequence shell be that of Table VI AC-' 
Specification MIL-T-27 with the following exceptions or conditions. 

(1) The Life Test will not be required* (Test group 

II of Table Specification MIL-T-27) 

(2) The Temperature Cycling, Vibration, and Shock* 

Tests shall be conducted on all types sf transformers 
and inductors in tbs sequence listed in Table YlgAf 
Specification MIL-T-27. The Thermal Shock Test 
(paragraph 4.7.11.2 sf Specification MIL-T-27) will 
not be required. 

(3) Corona discharge shall be conducted on all units 
operating at to V hash or greater. M e viim i m al¬ 
titude shall be I0~* tone, 

-A 

(4) A Temperature Rise Test shall also ho conducted at 10 
torr, for all units exhibiting fti 5°C or greater temperature 
rise at room temperature* 

(3) The procedure used to perform the Temperature Cycling, 
Vlbration„and Shock Tests shell be in accordance with 
• * Table I herein, rather than those of Specification 

MIL-T-27, 
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TABLE I 

TEMPERATURE CYCLING AND VIBRATION TESTS 



FAILURES 


t« T.1 Criteria for Failure. Degradation or change in performance of 
any Ham WS*l^h UauIIs established by Ua drawing, specification or 

a pp li ca bl e teat procedure during any teat period ahall be considered aa a 
failure. Tenting of the failed item ahall be diaeonfcinued until the mal¬ 
function in corrected. Unleaa otherwise directed, when corrective action 
IN been acco mp l i a b ed, the teat item ahall be neuubjected to the teat pahae 
pbate the failure occurred and the teat soquenee continued from that point, 
a fthange a in the abaolute value of critical parametera will require individual 
Mduation prior to re -establishing a new meaaurement base. All failures 
ahall be preaented for review at the monthly Neat Review Board meeting 
where the q u a lific ation stains of the individual part type will be decided. 


Reporting . Upon occurrence of a failure,a verbal report 
ahall be made to the procuring activity followed by a written report. A 
discrepancy analysis ahall then be made and a verbal report of corrective 
action ahall be made to the procuring activity followed by written confirma¬ 
tion. 


3. ?. 3 Failure A naif ala. When directed by the procuring activity,a 
complete failure analysis ahall be conducted. The procuring activity 
ahall be constantly apprised of all results and recommendations verbally 
and in writing. 

3.8 DISPOSITION OF SAMPLES*. Teat samples aa qualified shall 

he stored for future comparisons with samples of incoming material. 


3. 8.1 Teat Pete. The results of the teste specified herein shall be 
recorded cm reproducible sheets and submitted to the procuring activity. 


8.8.2 gu 

pared for eac 


Lliflcatlon Test 1 
h part type beihj 


leport. A qualification last report shall ho pro- 
qualified. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 EXAMINATION OF PRODUCT. Each transformer or inductor submitted 
for test shall be visually examined for mechanical discrepancies before and after 
subjection to each test. 

4. 2 TEST PROCEDURES 

4.2.1 Detailed Procedure. The detailed test procedures used to qualify all 
transformers and inductors shall be in accordance with 3.6. 

4.2. 2 Temperature Cycling. The samples shall be subjected to 5 temperature 
cycles in accordance with method 102A of Standard MIL-STD-202, condition; C, 
except step 3 shall be 105°C. During cycling, the samples will hot be operational. 
After cycling, the samples shall be tested for dielectric strength, (90 percent of 
initial) induced voltage and insulation resistance in accordance with Specification 
MIL-T-27 and the applicable drawing. The samples shall also be subjected to 
temperatures of +71°C and -18°C and the units allowed to achieve thermal stability 
at each temperature. The samples shall meet the performance requirements of 
the applicable drawing following temperature stabilization at each temperature and 
upon return to room temperature. 

4.2. 3 Vibration. The samples shall be suitably mounted and while operating in 
^ their most critical mode shall be subjected to 20 g (0 to peak), 5 cps to 2,000 cps 
ta~& cps at 1 minute/octave logarithmic sweep once along each of the 3 orthogonal 
axes, 0.12 inch double amplitude maximum. After vibration, the samples shall 
be tested for dielectric strength, (90 percent of initial) induced voltage and insulation 
resistance in accordance with Specification MIL-T-27 and the applicable drawing. 

4.2.4 Shock, The Shock Test shall be performed in accordance with Standard 
MIL-STD-810, method 516, procedure V, along the samples' three mutually 
perpendicular axes. One sods to be through the mounting plsuie of the sample. 

After shock the aamples shall be tested for dielectric strength (90 percent of initial) 
induced voltage, and insulation resistance, in accordance with Specification MIL-T-27 
suid the applicable drawing. 

4.2. 5 Final Functional Test. At the completion of the tests defined herein each 
transformer or inductor not subjected to internal inspection per Specification 
MIL-T-27, shall be functionally checked in accordance with the applicable drawing 
or procurement specification. 
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1. XHTROSUCTIO! 

1.1 SCOPE. This specification establishes the qualification 

requirements for transformers and reactors for use in the Apollo 
Guidance and Navigation Equipment. 

1.2 EXT ENT OP QUALIFICATION. All transformers and reactors 

be qualified to the requirements of this specification. In 

the event of similarity, tests need be conducted only for parameters 
affected by the dissimilarity. 

2. AFPLICAH* DOCUMBfTS 

2.1 The following documents shall form a part of this 

specification to the extent specified herein. Unless otherwise 
specified, the issue in effect on the date of this specification 
shall govern. 

• 

SPECIFICATIONS 

Military 

MIL-T-27 Transformers and Inductors, Audio, 

Power and Pulse 

STANDARDS 

Military 

MIL-SID-202 Test Methods for Electronic and 

Electrical Component Parts 

3. REQUIREMENTS 

3.1 GENERAL. The transformers and reactors shall be qualified 

by successfully meeting the requirements of Section 4. 

3.2 ^IOR COMPLIANCE. The transformers and reactors s h all 
have successfully net all the requirements of the applicable drawing 
prior to being submitted for qualification testing as specified in 
this specification. 

3.3 TEST CONDITIONS 

q.q.l Atmospheric. Unless otherwise specified, tests shall 

be performed at room ambient atmospheric pressure, a temperature of 
25® *5°C, and relative himddity of 40 to TO percent. 
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3.2 PRIOR COMPLIANCE Prior to qualification, all transistor* shall have 
svccessfully met all the requirements of the applicable drawing prior to 
being submitted for qualification testing as specified by this specification, 
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QUALIFICATION SPECIFICATION 
TRANSISTORS 


U INTRODUCTION 

1.1. SCOPE Thia specification establishes the qualification requirements 

for traraistors for uao in the Apollo Guidance and Navigation Equipment. 

1 2 " EXTENT Oft QUALIFICATION All transistors shall be qualified in ae 

cordance with thia specification. In the event of similarity to qualified parts, 
qualification testa need only be performed for affected parameters. Part 
similarity exists if the following characteristics are the same: 

(1) Diffusion typo or alloy process. 

(2) Dice geometry and case configuration. 

(3) Manufacturer 

(4) Maximum electrical and thermal ratings. 


2. APPLICABLE DOCUMENTS ' . i * 

2.1 The following documents shall form a part of this specification to the 
extent specified herein. Unless otherwise specified, the issue in effect on the 
date of this specification shall govern. 

STANDARDS 

Military 

MIL-STD-202 Test Methods for Electronic and 

Electrical Component Parts. , ^ 

Test Methods for SomismMRtSnt^il^ 
Devices. ? J 


MIL-STD-7 50 
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QUALIFICATION SPECIFICATION 
TRANSISTORS 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


1. INTRODUCTION 

1.1 SCOPE- The qualification plan presented herein provides a basic method 
for qualifying transistors for use in the Apollo Guidance and Navigatior Equipment. 

I. S EXTENT OF QUALIFICATION - All transistor types shall be qualified in 
accordance with this specification. However, transistor types of the same diffusion 
or alloy process, dice geometry, and case configuration manufactured t»y the same 
production facility shall be deemed qualified by this test plan for those characteristic 
governed by physical geometry, providing transistor types with electric al specificati 
and thermal ratings differing from the qualified sample shall be subjected to separate 
electrical, thermal, and life tests as applicable. 

t. APPLICABLE DOCUMENTS 

S. 1 The following documents shall form a part of thxS specification to the extent 
specified herein. Unless otherwise specified, the issue in effect on the dite of this 
specification shall govern. 

STANDARDS 

* Military | ; 

♦ MIL-STD-202 Test Methods for Electronic and ! " 

Electrical Component Parts 

MIL-STD-750 Test Methods for Semiconductor 

Devices 

MIL-STD-810 Environmental Test Methods for 

Aerospace and Ground Equipment 

8. REQUIREMENTS 

8.1 PRIOR COMPLIANCE Prior to qualification, all samples shall hi ve met 
and been accepted in accordance with the requirements of the applicable drawing. 

8.2 TEST CONDITIONS 

Atmospheric Conditions Unless otherwise specified, the funt tional and 
environmental tests shall be conducted at +25 + 5 C, room ambient pressure, and 
40 to 70 percent relative humidity. ~ 



























































3.2 PRIOR COMPLIANCE The magnetic amplifiers shall have successfully 
met all the requirements of the applicable drawing and procurement 
specification prior to being submitted for qualification testing as 
specified in this specification* 
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1. INTRODUCTION 

1.1 SCOPE This specification establishes the qualification requirements 
for magnetic amplifiers for use in the Apollo Guidance and Navigation 
Equipment• 

1.2 EXTENT OF QUALIFICATION All magnetic amplifiers shall be qualified 
in accordance with this specification. In the event of similarity, tc 
qualified parts, qualification tests need only be performed 

for affected parameters. Part similarity exists if the following characteristics 
are the same or exceeded: 

(1) General part configuration 

(2) Manufacturer 

(3) Electrical and thexmal ratings. 

2. APPLICABLE DOCUMENTS 


2.1 The following documents shall form a part of this specificatior 
to the extent specified herein. Unless otherwise specified, the issue 
In effect on the date of this specification shall govern. 

SPECIFICATIONS 

Military 
MEL-T- 27 . 

STANDARDS 
Military 

MIL-STD-202 

KEL-STD-810 


3. REQUIREMENTS 

3.1 GENERAL The magnetic amplifiers shall be qualified by 
successfully meeting the requirements of Section 4. 

3.2 PRIOR COMPLIANCE The magnetic amplifiers shall have successfully 
met ell the requirements of the applicable drawing and procurement 
specification prior to being submitted for qualification testing as 
specified in this specification* 


Transformers and Inductors, 
Audio, Power and Pulse 


Test Methods for Electronic and 
^metrical Component Barts 

EnvlrofnsntjjLl Test Methods In 
Aerospace and Ground Equipment 
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A.2.12 Terminal Strength. The samples as specified In B.6 shall be 

subjected to the terminal strength test of Military Specificatxon 
MIL-T-2XA# Section k.f.2.1 and ^7.2.2. 

t.2.13 |&fe. The samples specified in 3*6 shall be operated for 2,000 

hours under standard operating conditions. !Rie life setup shall be such that 
all 8>r|Bl functions of the amplifiers are exercised In such a manner 
simulating actual functional usage. The performance measurements, as specified 
in 4.I.J, shall be conducted at 0, 50, 100, 250, and every subsequent 250 
hours. At completion of 2,000 hours dielectric strength and Insulation 
resistance of 4.2^> end t.2.2 shall be conducted. 
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GJALIFICATIOlf SPEdflCAFlOIV 
MAGNETIC AMPLIFIERS 


1. INTRODUCTION 

1*1 SCOPE This specification estebllshes the qualification requirements 

for nagnetlc amplifiers for use In the Apollo Guidance and Navigation 
Equipment. 

1.2 EXTENT OP <gJAX29lGATI0N All magnetic amplifiers shall he qualified 
in accordance with this specification. In the event of similarity, to 
qualified parts, quallffeatlon tests need Only be- perfo»ed ' - 

for affected p ar am et ers. Fart similarity exists if the following characteristics 
are the same or exceeded: 

(1) General part configuration 

(2) Manufacturer 

(3) Electrical and thermal ratings. 

2. APPLICABLE DOOUMEETS 

2.1 The fallowing documents shall form a part of this specification 
to the extent specified herein. Unless otherwise specified, the issue 
in effect on the date of this specification shall govern. 

aWCOTCAfflGHS 

Mtlltasy 

MXL-T-27 Transfoners and Inductors, 

Audio, Power and Pulse 

STANDARDS 

Military 

XEL-STD-202 Test Methods for Electronic and 

Heetxiotl Component Parts 

KCLH9TS)-8l9 Errlros mt nt al Test Meth ed r in 

Aerospace and Ground Equipment 

3* HE9JIK9CEETS 

3.1 GENERAL The negnetlc amplifiers shall he qualified hy 
successfully meeting the requirements of Section 4. 

3*2 PRIOR COMPLIANCE The magnetic amplifiers shall have successfully 

met all the requirements of the applicable drawing end procurement 
specification prior to being submitted for qualification testing as 
specified in this specification* 
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3.3 TEST 00HDITI01B 

3 . 3 .I Atmospheric Unless otherwise specified in this specification, 
tests shall be performed at room Mfciezxt atmospheric pressure, a temp- 
erature of 23* ± 5*C, and relative humidity of TO percent m a ximu m . 

3.4 IffiTFUMKHTATIOH AMD TOUBRASCS Unless otherwise specified, all values 
given axe absolute ami do not reflect allowances for instrumentetlem error, 
loads,or variations in supply voltages and frequencies. 

error and load effects shall be taken into account as necessary for the 
proper performance of the tests and the evaluation of results. 

3.5 SJMPUHS A minimum of 6 samples shall be serialised and subjected 
to qualification test. 

3.6 TEST SBOJEPCE The preferred test sequence shall be as Indicated 
in Tables T, II and HI. All samples shall be subjected to the tests 
listed in Table I. Following completion of the tests in Table I, two- 
thirds the samples shall be tested as specified in Table II and the 
remaining one-third of the samples shall be tested as specified in Table III* 


2 



Tmmmrn mm bmm 

m&m 

taftdlty 
Wbwtioft 












Apollo G ♦ H Specification 
HD-1002059 


TABLE III. One-third of Samples 


Test 

Paragraph 

Life 

t.Jt.13 

Performance 

4.2.3 


3.7 FAILURES 

3.7.1 Criteria for Failure. Degradation or change in performance of 
any item which exceeds limits established by its drawing, specification 
or applicable test procedure during any teat period shall be considered 
as a failure. Testing of the failed item shall be discontinued until the 
malfunction is corrected. Unless otherwise directed, when corrective 
action has been accomplished. The test item shall be re subjected to the 
test phase where the failure or cared and the test sequence continued from 
that point. Changes In the absolute value of critical parameters will 
require individual evaluation prior to re-establishing a new measurement 
base. All failures shall be presented for review at the monthly Test 
Review Board meeting where the qualification status of the individual part 
type will be decided. 

3*7*2 Failure Reporting. Upon occurrence of a failure, a verbal 
report shall be made to the procuring activity followed by a written 
report. A discrepancy analysis shall then be made and a verbal report 
of corrective action taken shall be made to the procuring activity followed 
by written confirmation. 

3*7*3 Failure Analysis. When directed by the procuring activity a 
complete failure analysis shall be conducted. The procuring activity 
shall be constantly apprised of all results and recoamendatlons verbally 
and in writing. 

3*8 DISPOSITION OF SAMPLES. Test samples as qualified shall be 
stored for future comparisons with samples of incoming material. 

■ k; 

(H*v» l) 





INCHES 

a 1. i » I 
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3*9 BATA 

3.9*1 Test Data. The results of the tests specified herein shall he 
recorded on reproducible sheets and submitted to the procuring activity. 

3 . 9.2 Qualification Test Report. A qualification test report shall be 
prepared for each part type being qualified and submitted to the procuring 
activity within 30 days following completion of the test. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 EXAMINATION OF PRODUCE Each magnetic amplifier submitted for test 

shall be visually examined for mechanical discrepancies before and after sdb- 
Jection to each test. 

4.2 TEST PROCEDURES 

4.2.1 Dielectric Strength. The amplifiers shall be subjected to the 
dielectric strength test in accordance with MIL-srD-202, Method 301. The 
test voltage shall be 500V, 60 cps, applied for a minimum of one minute be* 
tween each terminal and the amplifier case. 16 flashover, sparkover or 
breakdown shall be evidenced as a result of this test. Operating character¬ 
istics of the amplifier shall be checked and shall meet the requirements of 
the applicable drawing and procurement specification following this test. 

4.2.2 Insulation Resistance. The insulation resistance between any terminal 
and tin case of the amplifier shall be measured in accordance with MIL-STD-202, 
Method 302, Test eondition B. The insulation resistance shall not be less than 
100 megohms. 

4.2.3 Per form a nce . Pavfnimmni msas^irmmmrtS or the seaiplee 

shall be eoadurteirTTn accordance with tne applicable drawing and procurement 
specification. ^ . 

4.2.4 Sigh Temperature Operational. The samples shall be placed in a 

chamber with an ambient temperature of 100° ± $ 4 F and allowed to achieve 

thermal stability. The units shall be operated under standard operating con¬ 
ditions (da defiked in the applicable specification) for 8 hours minimum. 

At the completi on of the test and while the samples are still at l)D*f the 
performance requirements in accordance with the applicable drawing and 
specification shall be met. 


S 
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4*2.5 Low Temperature Operation* The samples shall be placed in a 
chamber with an eufeient temperature of +32° ±5°^ end allowed to achieve 
thermal stability. The units shall be operated under standard operating 
conditions for a Minimum of 8 hours* At the completion of the test and 
while the samples are still at ♦ 32* F the performance requirements in ac¬ 
cordance with the applicable drawing on specification shall be met* 


4.2.6 Temperature Cycling* The non operating sendee aa SIMM fled in 3.6 
fehall bar subjected to the temp era ture cycling toot in accordance with MTL-HTIV 



4*2*? Altitude* The samples specified in 3*6 shall be placed in a 
chamber and the ambient pressure lowered to 1 X 10~^ as of Hg* The units 
shall bs eperatad under standard operating conditions for a minimum of 
8 hours* At completion of the test while the samples are still at an al¬ 
titude of 1 X lCp+ mi of hg a performance check shall be made and shall 
be in accordance with the applicable drawing and procurement specification* 

4*2.8 Humidity* The non operating samples specified in 3*6 shall be 
subjected to the humidity test of MIL-STD-dlO, method 507> procedure 1* 
Following the test, insulation resistance and dielectric strength in 
accordance with 4*2.2 end 4*2*1 shall be conducted* 

4*2.9 Vibration. The samples as specified in 3*6 shall be suitably 
mounted and while operating under standard operating conditions shall be 
subjected to 20g (0 to peak), 5 cps to 2,000 cps to 5 cps at 1 minute/ 
octave logarithmic sweep once along each of the 3 orthogonal axes, 0 *12 
inch double amplitude maximum* After vibration, the samples shall be 
functionally tested in accordance with the applicable drawing and 
procurement specification* 

4*2.10 Shock The samples specified in 3*6 and operating under standard 
operating conditions shall be shock tested in accordance with MIL-STD-810, 
method 5l6, procedure V, along the three mutually perpendicular axes* One 
axis to be through the mounting plane of the sample. After shock the samples 
shall be functionally tested in accordance with the applicable drawing 
and procurement Specification* 

4*2*11 Acceleration* The samples as specified in 3*6 , while operating 
under standard operating conditions, shall be aitibjected to 20g acceleration 
for 3 minutes minimum along each of 3 orthogonal axes in both plus and minus 
direct Iona* 
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4.2.5 Low Temperature Operation. The samples shall be placed in a 
ehasfcer with an aafcient temperature of +32° ± 5°F and allowed to achieve 
thermal stability. The units shall be operated. under standard operating 
conditions for a minimum of S hours. At the completion of the test and 
while the samples are still at + 32* F the performance requirements in ac¬ 
cordance with the applicable drawing on specification shall be mst. * 

4.2.6 Temperature Cycling. The non operating ns^fli »m apnftflsd In 3.6 

fchall be subject** to the temperature dueling teat in aeeordanea mith MrL-flRV 
202, method 102A. -test condition ^except step 3c 405°CL^ 

.®LfTpfirg fft&agti} 

In^ccosdanoc'iat^ 4.2*8 am* 4*2^ shall conducted. 

4*2.7 Altitude. The samples specified in 3.6 shall be placed in a 
ehasfcer and. the ambient pressure lowered to 1 X 10**4 mm of Hg. The units 
shall be ape rated under standard operating coalitions for a minimum of 
8 hours. At completion of the test while the samples are still at an al¬ 
titude of 1 X 10-4 m of Hg a performance cheek shall be made and shall 
be In accordance with the applicable drawing and procurement specification* 

4.2.8 Humidity. The non operating samples specified in 3*6 shall be 
subjected to the humidity test of MIL-STD-810, method 507, procedure I* 
Following the test, insulation resistance and dielectric strength in 
accordance with 4.24 cod 4.2*1 shall be conducted. 

4.2.9 Vibration. The samples as specified in 3*6 shall be suitably 
mounted and while operating under standard operating conditions shall be 
subjected to 20g (0 to peak), 5 epe to 2,000 epe to 5 cps at 1 minute/ 
octave logarithmic sweep once along each of the 3 orthogonal axes, Q..12 
inch doifele amplitude maximum. After vibration, the samples shall be 
functionally tested in accordance with the applicable drawing and 
procurement specification. 

4*2.10 Shock The samples specified In 3*6 and operating under standard 
operating conditions shall be shock tested in accordance with MIL-STD-810, 
method 516, procedure V, along the three mutually perpendicular axes* One 
axis to be through the mounting plane of the sample. After shock the samples 
shall be functionally tested in accordance with the applicable drawing 
and procurement Apecitication* 

4*2.11 Acceleration. The samples as specified in 3*6 , while operating 
under standard operating conditions, shall ha subjected to 20g acceleration 
for 3 minutes minimum along each of 3 orthogonal axes in both plus and minus 
directioma. 
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QUALIFICATION SPECIFICATION 
MAGNETIC AMPLIFIERS 


i« introduction 

1.1 SCOPE This specification establishes the qualification requirements 

for magnetic amplifiers for use in the Apollo Guidance and navigation 
Equipment* 

1*2 EXTENT OF QUALIFICATION All magnetic amplifiers shall be qualified 
in accordance with this specification* In the event of similarity, to 
qualified parts, quaimeatlea tests heed oat? be perforated ■ - 

for affected parameters* Part similarity exists if the following characteristics 
sure the same or exceeded: 

(1) General part configuration 

(2) Manufacturer 

(3) Electrical and thermal ratings* 

2* APPLICABLE DOCJUMEHTS 

2*1 The following documents shall form a part of this specification 
to the extent specified herein* Unless otherwise specified, the issue 
In effect on the date of this specification shall govern* 

EVBCIFlCAiFIOHS 

Mllitaxy 

MIL-T-27 . Transformers and Inductors, 

Audio, Power and Pulse 

STANDARDS 

Military 

MIL-STD-202 Test Methods for Electronic and 

ELeatriaal Component Parts 

MIL-a!FD-8lQ Invironatntal Test Methods : in 

Aerospace and Ground Equipment 

3* REQUIREMENTS 

3*1 GENERAL The magnetic amplifiers shall be qualified by 

successfully meeting the requirements of Section 4* 

3*2 PRIOR COMPLIANCE The magnetic amplifiers shall have successfully 

met all the requirements of the applicable drawing and procurement 
specification prior to being submitted for qualification testing as 
specified in this specification* 


X 


Apollo 0 ♦ U Specification 
HD-1002059 


3-3 TEST OOHDITIOHB 

3,3.1 Atmospheric Unless otherwise specified in this specification, 
tests shall be performed at room ancient atmospheric pressure, a temp¬ 
erature of 25* t TO, and relative humidity of TO percent maximum • 

3*4 ISSmJMESTA!nOH AND TGLERAHCE Unless otherwise specified, all values 
given are Absolute and do not reflect allowances for instrumentatlsm error, 
loads,or variations In supply voltages and frequencies* Til 1 —Abort 1 1 m 
error and load effects shall be taken into account as n ece s s a ry for the 
prefer performance of the tests and the evaluation of results, 

3*5 8AMPTJB A minimum of 6 samples shall be serialised and subjected 
to qualification test. 

3,6 TEST SECJJHK33 The preferred test sequence shall be as Indicated 
in Tables I, II and HI. All samples shall be subjected to the tests 
listed in Table I, Following completion of the tests In Table I, two- 
thirds gf the samples shall be tested as specified In Table II and the 
r e m aining one-third of the samples shall be tested as specified In Table III* 
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PROCUREMENT SPECIFICATION 
FOR 

ULTRA PRECISION ROTARY TABLE 

1. SCOPE 

k. 1 This specification establishes the requirements for the procurement of an 
Ultra Precision Rotary Table, hereinafter called Rotary Table, designed 
for use with APOLLO Ground Support Equipment. 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents of the issue in effect on the date of invitation for 
bids form a part of this specification to the extent specified herein. 
Specifications 
Military 

MIL-E-4158 Electronic Equipment, Ground, General Requirements 
for 

MIL-P-8585 Primer Coating, Zinc Chromate, Low Moisture 

Sensitivity 

MIT-F-14072 Finishes for Ground Signal Equipment 
Standards 

Federal 

FED-STD-595 Colors 

2. 2 Conflicting Requirements. In the event of conflict between the requirements of 

the contract, this specification, and other specifications and drawings cited 
herein, the requirements of the contract, this specification, and the documents 
listed herein shall govern, in that order. 

3. 1 Description. The Rotary Table is a precision rotary tilting table. Its purpose 

is to provide a means of mounting and precision orientation of various APOLLO 
Guidance and Navigation component assemblies, subsystems and combination 
of subsystems. The Rotary Table, when used with the appropriate GSE Test 
Consoles, will provide subsystem and AGE System test capability. 


N D 1002Q6S 
(f 1 963 
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2. Recommendations for correction 
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ND 1002065 
1 February 1963 

3. 2 General Requirements . 

3 - 2 - 1 Rotary Tilt Table. A precision rotary tilting table, type #1678, sixe 6, 
furnished with (optigon) optical readouts on both axes. The table shall be 
capable of rotating 360° about its rotary axis and 90° plus at least 2° of 
over travel at each end about its tilt axis. Adjustable limit switch inter¬ 
locks shall be provided to prevent actuation of the tilt drive beyond 
permissable limits. 

Manual operation and motor drive capabilities shall be required on both 
axes with a fine vernier manual control required on the rotary axis. Hand 
brakes will be required on both axes and a mandatory lockout of the motor 
drive on each axis provided if its associated hand brake is not fully released. 
The nominal rate of rotation of the table about the tilt and rotational axis 
shall be 1 R. P. M. and the rotary drive motor shall have a slow start 
capability. 

5- 2. 2 Table Base . A rigid, stable cast iron base or equivalent suitable for mount¬ 
ing rotary tilt table #1678, sixe 6, shall be required. The height of this 
base shall be 24". The table base will require a three point support system 
which shall be capable of leveling the table to within 1 arc second along 
either horixontal axis. At 2 arc second level shall be provided along each 
of the horixontal table axes and it will have an adjustment feature so th» t 
if may be nulled after the table has been positioned horisontally at the test 
station. 

Installation of support electrical equipment shall be in the table base in a 
location accessible for repair and replacement. The access doors for the 
electrical support equipment must be located so that they may be opened when 
the table is surrounded by a 12" high platform. 

Provision on the table base is required for vernier adjustment of the table 
position in aximuth within 1 arc minute throughout a range of at least! 5 
degrees. 

The table top shall be 32 inches in diameter and have 8 T-slots which will 
accept standard 1/2" T-Bolts for mounting test fixtures. When the T slot 
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APOLLO MINIMUM WORKMANSHIP, FABRICATION, AND 
INSPECTION REQUIREMENTS FOR WIRING 
AND RESISTANCE - WELDING OF ELECTRONIC 
CIRCUIT MODULE AND ASSEMBLIES 


1. Scope 


1.1 Purpose 

This specification establishes the minimum workmanship, fabrication, 
and inspection requirements for wiring and resistance welding of 
airborne electronic circuit modules and assemblies. 


2 . 


Reference Documents 

2.1 The following documents of the issue in effect on the date of 

application of this document form a part of this document to the 
extent specified herein: 


ND 1002005: 

ND 1002025: 

ND 1002004: 


Apollo Requirements for Process Control and 
Fabrication of Resistance-Welded Electronic 
Circuit Modules and Assemblies 

Apollo Requirements for Repair and Rework of 
Resistance-Welded Electronic Circuit Modules 
and Assemblies 

Process Specification, Epoxy Bonding of Metallic 
and Non-Metallic Materials 


SCD 1006776: Insulation Sleeving, Electrical 


3. Requirements 


3.1 General 

The provisions of this specification shall be applicable to all phases 
of welding of electrical connections to the extent specified herein. 
Specific requirements or provisions not covered by this specification 
shall be specified on the applicable drawing. In the event of conflict 
between the requirements of the applicable drawing, this specification 
and other documents cited herein, the requirements of the applicable 
drawing, this specification and the other documents specified herein 
shall govern in that order. 

3.2 General Requirements 

3*. 2.1 Fabrication Requirements 

All machines, i iteriol, and personnel utilized in the 

fabrication of articles presented for acceptance under the 
provisions of this document shall, at the time of fabri¬ 
cation, have been qualified in accordance with the provisions 
of Reference Document, ND 1002005. Similarly, all oper¬ 
ating documents employed in this fabrication will have been 
those currently approved for such application. 


(REV A) 


1 





APOLLO 

G&N Specification 
HD 1002069 


Objective evidence to attest to these requirements will be provided 
to the cognizant quality assurance authority upon request. 

Inability to comply with this requirement shall preclude the acceptance 
of the product. 

3.2.2 Handling 

Persons handling parts or components that will subsequently be incorporated 
into welded modules shall observe the following restrictions. 

k. Parts shall be handled using light finger pressure on the component 
body. Where components are inserted into heat sinks or component 
holders, handling of component leads shall be permissable provided 
extreme caution is exercised in preventing bending of the leads. 
Excessive handling of components must be avoided. 

b. Parts shall be held and stored in a manner that does not require 
stressing or bending of leads. 

c. Persons handling parts shall have hands free from grease, and oil 
and/or dirt. 

3.2.3 Component Degradation 

Where reason exists to suspect that a component's quality or reliability have 
been degraded, the component shall be replaced and provided to the cognizant 
Quality Assurenqe representative for disposition. Under no circumstances 
shall such a component be installed or further incorporated into any product 
without documented assurance that degradation has not occurred. 

3.2.3.1 Dropped Components 

a. Any metal cased electronic component dropped on a surface from a 
height of more than 12 inches shall be replaced with a new 
component. The dropped component shall be provided to the 
cognizant Quality Assurance representative for appropriate 
disposition. 

b. Any non-metallic covered electronic component dropped to strike 
a surface from a height of more than 6 inches shall be removed 
and replaced with a new component. The dropped component will 
be provided to the cognizant Quality Assurance representative for 
appropriate disposition. 

c. Any delicate mechanical part dropped to a surface whall be provided 
to the cognizant Quality Assurance representative for reinspection 
and appropriate disposition. 
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3. 2.4. Module Bus Wiring routing as shown on mylar film is intended 

as a general guide and should be followed as closely as possible. 
However* it need not be adhered to exactly provided the standards 
of this specification are maintained. 

3. 2.5 Module Bus Wire Ribbon shall be routed point to point in a straight 
line or a smooth curve and shall be free of kinks or twists in 
accordance with the standards of this specification.unless other¬ 
wise specified by design. 

3.3 Insulation 
3.3.1 Use 

Insulation shall be used when uninsulated conducting materials 
are closer than . 020" to other uninsulated conductive materials 
(see fig. 1) Clearance of less than .010" shall be cause for 
rejection. 

3.3. 2 Insulating Covers 

When the . 020" clearance of item 3.3.1 has not been maintained* 
at least . 010 insulation shall be applied to one of the items. 
Whenever possible* this insulation shall be a sleeve type 
insulation per SCD 1006776. If the sleeve type insulation 
cannot be ufted* an insulating cement per ND-1002004 Type II 
shall be used and shall not obstruct the quality characteristics of 
the part or assembly, (seefig. 1) - - 'f 



Figure 1 
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Clearance between Insulated Wire and Buss Wire. 


3.3-3-1 i Insulated wire In a horizontal "planein Endstouar wii^Tifiall have 
a ofhi.310** When lidWc«ttt>atfc*b.hsdlaied> wire. This 

iflBoeKtabL i a h e dt jtu.p iav an t e inafalwfcifen, dsna^e .u (Bed Fi£. 2) If less 
tfiutii .Oatf'adlewarahco exists^ainsulatingi oemeiit 1 -pWl!8-10Q2003, Type II 
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3 . 3 . 3 .2 - Insulated wire in the vertical plane. Ends of buss of component 
wire shall have a minimum clearance of . 020 ” when adjacent to insulated wire. 
This is established to prevent insulation damage. (See Fig. 2A) If less than 
.020" and at least .010" clearance exists, insulating cement per HD 100200 m- 
Type II or Type V »h*h be applied to the ribbon or component lead completely 
filling the gap between. 
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3.3.4 Unless otherwise specified by the applicable drawing, runs 
between welds shall not exceed 3/4 inch without sleeving, 
mylar, or other approved insulation. Runs less than 3/4 inch 
must be sleeved if it is believed that danger of shorting exists. 
(See Figure 3) 



Figure 3 
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3.3.5 Unless otherwise specified by the applicable drawing, 
when 2 buses on 2 levels cross, the longer bus of the 
2 shall be suitably insulated with sleeving, mylar fllm,or 
other approved insulation so that a shorting situation will not 
exist. <See Fig. 4) 



else gap must be filled using insulating 
cement per ND 1002004, Type II 


Figure 4 
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3.3.6 Insulation of welded matrices 

Sheet used to insulate a welded matrix will be free of pin holes, 
cracks, or tears throughout the fabrication and installation cycle. 

3.4 Welding Requirements 

3.4.1 Operating Documents 

The weldipg operations of each welded assembly will be governed 
by written direction that includes the following as a m i n i m u m . 

a. The machine settings required to make each specific joint. 

b. Application instructions for all tooling pwdquar to the* 
specific assembly at the welding operation. 

3.4.2 Positioning of Material Intersection 

The material to be joined will be positioned such that the 
intersection of the interconnecting material with the component 
lead shall, after welding, form an angle of 90° plus or minus 
10 degrees. 

3.4.3 Positioning Interconnecting Ribbon 

3.4.3.1 Ribbon to Component 

The interconnecting material (ribbon) shall, prior 
to welding, be positioned such that a . 020" clearance 
minimum exists between the ribbon and any component 
body. It is imperative that the ribbon shall be welded 
to the weldbble portion of the component lead. 
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3.4.3.2 Height of Interconnect Material 

3.4.3. 2.1 PSA Modules 

The first level interconnect material shall 
be welded to component leads in such a manner 
that . 050" maximum space exists between the 
heatsink or wafer board (not Mylar film insula¬ 
tors) and the bottom of the interconnect material. 
Madditfts^^n^.0O^V»lniwiiftsp«C9'shallexisrtw- 
t*%en the bottom of^thetnibbon and the My, 
wfe&n heatsibki^We^sed. When a second level wiring 
is required, maximum clearance between first and 
second level shall be .035" (see Figure 5). 
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3.4.3. 2. 2 G.M.E. Modules 

The interconnect material shall be welded to 
component leads in such a manner that . 035" 
maximum space exists between the heatsink 
or wafer board not mylar film insulators and 
the bottom of the interconnect material (see 
figure 6) In addition, a .003" minimum space 
shall exist between the bottom of the ribbon and 
the Mylar film, when heat sinks are used. 





Figure 6 
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3.4.4 Lead or Bus Trimming of PSA and GME Modules 
3.4.4.1 Lead Trimming 

After welding, the lead shall be trimmed . 010" 
to . 075 from the edge of the ribbon or bus wire; 
in addition the leads of the highest level shall be 
trimmed to . 030" maximum. (See figure 7) 

3.4.4. 2 Ribbon or Bus Wire Trimming 

The interconnecting material (ribbon or bus wire) 
shall, at its ends, extend . 010" to . 030" beyond 
the component lead (see figure 7) 


.010* MIN. 

.030" MAX. 



r; 


.010 MIN. 

‘.075" MAX. 

.010V MIN. 
.030' MAX. 


other than 
highest level 

highest 

level 
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3.4.5 Lead or Bus Trimming of Computer Modules 
3.4.5.1 Lead Trimming 

After welding, the lead shall be trimmed flush to 
. 030" from the edge of the ribbon or bus wire 
(see figure 8). 

3.4.5. 2 Ribbon or Bus Wire Trimming 

The interconnecting material (ribbon or bus wire) 
shall, at its ends, extend . 010" to . 030" beyond the 
component lead (see Figure 8) 



/ Figure 8 
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3.4.6 Bus wire shall be formed around the outside of component 
leads so that the latter is inside the radius. If by design 
limitation, bus wire must be formed on inside of component 
lead, configuration shall be as shown. (See Figure 9) 

The bend radius of the bus wire shall be formed so that . 050*' 
minimum spacing exists between the side of the component 
lead nearest the bend and the beginning of the bend radius. 

All weld joints shall be made on the straight portion of the 
bus. (See Figure 9). 

3.^.6.1 If the conductor is formed prior to welding 

3*4. 6.1 The minimum bend radius of any conductor shall 
not be less than 2 times smallest dimension. 



RADIUS 



Figure 9 
Before Welding 

3.^.6.2 - If the conductor is welded and then fofmed, the bend radius of the 
buss wire shall be a .020" minimum spacing between the side of the component 
lead nearest the bend and the beginning of the bend radius, provided a positive 
means is used ro prevent stressing of the weld joint while farming the bend. 
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3.4. 6. 2 Bends shall be made in a plane perpendicular to the 
component lead axis and as parallel to this plane as 
possible (See Figure 10). 



3.5. Welding 

3.5.1 Defective Welds 

Completed welds shall be free of defects as called out in 
ND 1002005. 

3.5.2 Circuit Paths 

All interconnect paths shall conform to the requirements of 
the applicable drawing. Non-conformance will be cause for 
rejection. Unless otherwise specified on the drawing, the 
module wire ribbon or bus shall be free of kinks, shall not 
be twisted more than 30°, and shall not have twists closer 
than 1/ 8 inch from the component lead. 



Figure 11 
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3,5,3 b w u "^ Wich welds - A sandwich weld is 

defined as a joint having more than two (2) weldments 
J* two or more buss# are to be welded to the same lead 
<& w $J£ e “) be 8Uggered with ° verl »P- 




MOT A66IPTA8LI 


tottfiMi 


Figure 12 

In addition there shall be no butt or lap welding. 

3 - 6 Repair and Rework 

under provisions of this 

to aCC ° rd * nCe Wlth «*• I""*— 
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S. 2.3.1 Dropped Components 

a. Any metal caeed electronic component dropped on a surface from a height of more 
than 12 inches shall be replaced with a new component. The dropped component * . 
shall be provided to the cognizant Quality Assurance representative for appropriate 
disposition. 

b. Any non-metallic covered electronic component dropped to strike a surface from 

a height of more than 3 inches shall be removed and replaced with a new component. 

The dropped component will be provided to the cognizant Quality Assurance 
representative for appropriate disposition. 

c. Any delicate mechanical part dropped to a surface shall be provided to the cognizant 
Quality Assurance representative for telaspection and appropriate disposition. 

3.2.4 Module Bus wiring routing as shown on mylar film is intended as a general guide and 
should be followed as closely as possible. However, it need not be adhered to exactly provided 
the standards of this specification are maintained. 

3.2.3 Module Bus Wire Ribbon shall be routed point to point tn a straight line or a smooth 
curse and ehall be free of kinks or twists in accordance with the standards of this specification 
unless otherwise specified by design. 

3.3 Insulation 

3.3.1 Use. Insulation shall be used when uninsulated conducting materials are doeer 

. 020" to other uninsulated conductive materials (see Fig. 1) Clearance of less than . 010" 
shall be cause for rejection. 

3.3.3 Insulating Covers. When the . 020" clearance of item 3.3.1 has not been maintained, 

at least .010 insulation shall be applied to one of the items. Whenever possible, this tnsulation 
shall be a sleeve type insulation per BCD 1006776. If the sleeve type insulation cannot be 
used, an insulating cement per ND1002004 Type I or Type H shall be used and shall not obstruct the 
quality characteristics of the part or assembly, (see Fig. 1) 

3.3.3 Clearance Be t wee n Insulated Wire and Bus Wire ^ 

3.3.3.1 Insulated Wire in a Horizontal Plane. Ends of bus wire shall have a minimum clearance y 

of. 010" when adjacent to insulated wire. This is established to prevent tnsulation damage. ' 

(See Fig 2) If less than . 010" clearance exists, insulating oemeut per ND1002004, Type I, Type II or 
Typev shall be applied to the end of the ribbon completely filling the gap between the ribbon 

and the sleeve. 


f 
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1.2.2.2 Xaaalated Win la Ike VMM Han. Ends of bait; of component wire •hall have 
a mtnintam d- nifli of .626" whoa adjacent to taealated wire. This to eetabitstied to promt 
tnaalatton damage. (See Flf. 2A) If lean than .020” and at leant. 010” clearance exiete, 
lneulatlag cement per ND1002004 Type ET»p*goiVI>pdV»ekatt96^IM» Ike rtUOaneemapOOent 
lead completely ttlltag the gap bet we en . 
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APOLLO MINIMUM WORKMANSHIP, FABRICATION, AND 
INSPECTION REQUIREMENTS FOR WIRING 
AND RESISTANCE - WELDING OF ELECTRONIC 
CIRCUIT MODULE AND ASSEMBLIES 


The purpose of this document is to establish the minimum requirements for 
workmanship of electrical connection^ by resistance welding to be used in 
the assembly of Apollo Guidance and Navigation Equipment. 


APOLLO MINIMUM WORKMANSHIP, FABRICATION, AND 
INSPECTION REQUIREMENTS FOR WIRING 
AND RESISTANCE - WELDING OF ELECTRONIC 
CIRCUIT MODULE AND ASSEMBLIES 


1. 


Scope 
1.1 Purpose 


This specification establishes the minimum workmanship, fabrication, 
and inspection requirements for wiring and resistance welding of 
airborne electronic circuit modules and assemblies. 


2 . 


Reference Documents 

2.1 The following documents of the issue in effect on the date of 

application of this document form a part of this document to the 
extent specified herein: 


ND 1002005: 


ND 1002025: 
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ND 1002004: 


Apollo Requirements for Process Control and 
Fabrication of Resistance-Welded Electronic 
Circuit Modules and Assemblies 

Apollo Requirements for Repair and Rework of 
Resistance-Welded Electronic Circuit Modules 
and Assemblies 

Process Specification, Epoxy Bonding of Metallic 
and Non-Metallic Materials 


SCD 1006776: 


Insulation Sleeving, Electrical 


3. 


Requirements 
3.1 General 



3.2 General Requirements 

S'. 2.1 Fabrication Requirements . 

All machines, tools, material, and personnel utilized in the 
fabrication of articles presented for acceptance under the 
provisions of this document shall, at the time of fabri¬ 
cation, have been qualified in accordance with the provisions 
of Reference Document, ND 1002005. Similarly, all oper¬ 
ating documents employed in this fabrication will have been 
those currently approved for such application. 
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The provisions of this specification shall be applicable to all phases 
of welding • of electrical connections to the extent specified herein. 
Specific requirements or provisions not covered by this specification 
shall be specified on the applicable drawing. In the event of conflict 
between the requirements of the applicable drawing, this specification 
and other documents cited herein, the requirements of the applicable 
drawing, this specification and the other documents specified herein 
shall govern in that order. 
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PROCESS SPECIFICATION 
BRAZING OF ALUMINUM AND ALUMINUM ALLOYS 


1. SCOPE 

1.1 This specification establishes the requirements for brazing aluminum and aluminum 
alloys. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form 
a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 


QQ-R-566 

QQ-B-655 

Military 

MIL-H-6088 

MIL-B-20148 

STANDARDS 

Federal 

FED-STD-151 

Military 

MIL-STD-23 
MIL-STD-453 


Rods, Welding, Aluminum and Aluminum Alloys 
Brazing Alloys, Aluminum and Magnesium, Filler Metal 

Heat Treatment of Aluminum Alloys, Process for 

Brazing Alloys, Aluminum and Aluminum Alloys 
Sheets and Plates, Aluminum Brazing Alloy Clad 


Metals, Test Method 

Nondestructive Testing Symbols 
Inspection, Radiographic 
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4. QUALITY ASSURANCE PROVISIONS 


4.1 GENERAL. Inspection 
of Bureau of Naval Weapons 
herein. 


and test procedures shall be in accordance with the provisions 
Publication OP 400 and Standard FED-STD-151, and as specified 


4.2 NONDESTRUCTIVE TESTS. Brazed joints shall be inspected in accordance with the 
applicable drawing. Interpretation of nondestructive testing symbols shall be in accordance 
with Standard MIL-STD-23. Inspection and testing of brazed joints shall include the following: 


4 2 1 Visual Inspection. Each brazed joint of each assembly shall be visually inspected. 
Filler metal shall be present in the joint fill area along all exposed joint edges. Joints of 
such design that fillets of filler metal can form at joint edges shall possess such fillets. 
Filet radii shall be any dimension greater than zero. Joints shall also be examined for 
the following, which shall be cause for rejection. 


a. Evidence of melting of parent metal. 

b. Failure of braze filler metal to melt. 

c. Evidence of external porosity (pinholes) in which: 

(1) The voids are larger than 0.015 inch diameter and/or greater than a depth 
of 10% of the braze depth. 

(2) The total number of the pinholes of maximum diameter exceeds (1) per linear 
inch of fillet or one per length of braze joint less than one inch long. 

d. Evidence of concentrated surface porosity in which: 

(1) The largest dimension of the porous area is greater than 50 percent of the total 
width of the braze fillet, and the total of the pinhole diameters in the area 
exceeds 0.015 inches. 

(2) More than one of such area of maximur -^e, or two or more areas with a total 
equivalent diameter occur per linear inch of b~aze fillet. 

4 2 2 Radioeraphic Examination. When required by the drawing, radiographic examination 
s Lai be conducted according to Standard MIL-STD-453. The radiographs shall indicate that: 

a. The total unbrazed area including trapped flux, scattered porosity, and voids shall 
not exceed 20 percent of the faying surface of the respective joint. 

b. The size of a single unbrazed area shall not exceed 50 percent of the overlap 
distance of the joint. No single unbrazed area shall occur within 0.015 inches or 10 percent 
of the overlap distance, whichever is smaller, from the edge of the overlap. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Inspection and test procedures shall be in accordance with the provisions 
of Bureau of Naval Weapons Publication OP 400 and Standard FED-STD-151, and as specified 
herein. 


4 2 NONDESTRUCTIVE TESTS. Brazed joints shall be inspected in accordance with the 
applicable drawing. Interpretation of nondestructive testing symbols shall be to accordance 
with Standard MIL-STD-23. Inspection and testing of brazed joints shall include the following: 


4 2.1 Visual Inspection. Each brazed joint of each assembly shall be visually inspected. 
Filler metal shall be present in the joint fill area along all exposed joint edges. Joints of 
such design that fillets of filler metal can form at joint edges shall possess such fillets. 
Filet radii shall be any dimension greater than zero. Joints shall also be examined for 
the following, which shall be cause for rejection. 


a. Evidence of melting of parent metal. 

b. Failure of braze filler metal to melt. 

c. Evidence of external porosity (pinholes) in which: 

(1) The voids are larger than 0.015 inch diameter and/or greater than a depth 
of 10% of the braze depth. 

(2) The total number of the pinholes of maximum diameter exceeds (1) per linear 
inch of fillet or one per length of braze joint less than one inch long. 

d. Evidence of concentrated surface porosity in which: 

(iy The largest dimension of the porous area is greater than 50 percent of the total 
width of the braze fillet, and the total of the pinhole diameters in the area 
exceeds 0.015 inches. 

(2) More than one of such area of maximum size, or two or more areas with a total 
equivalent diameter occur per linear inch of braze fillet. 

4 2 2 Radiographic Examination. When required by the drawing, radiographic examination 
shall be conducted according to Standard MIL-STD-453. The radiographs shall indicate that: 

a. The total unbrazed area including trapped flux, scattered porosity, and voids shall 
not exceed 20 percent of the faying surface of the respective joint. 

b. In any segment of brazed joint equivalent in length to 20 percent of the total uninterrupted 
length erf the joint or 1 linear inch, whichever is greater, the total unbrazed area shall not exceed 
30 percent. Brazed joints under 1 inch length shall meet the requirements of 4.2.2. a. 

c. No single unbrazed area which occupies more than 40 percent of the overlap distance of 
the joint shall occur within 0.25 inches of an area of external or concentrated surface porosity 
which meets the requirements of 4.2.1. c or 4.2.1. a. 
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BRAZING OF ALUMINUM AND ALUMINUM ALLOYS ! 

The purpose of this document is to establish the manufacturing and 
test requirements for the brazing of aluminum and aluminum alloys 
intended for use in the APOLLO Guidance and Navigation Equipment program. 

i 



PROCESS SPECIFICATION 
BRAZING OF ALUMINUM AND ALUMINUM ALLOYS 


1. SCOPE 

1.1 This specification establishes the requirements for brazing aluminum and aluminum 
alloys. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form 
a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 

QQ-R-566 

QQ-B-655 

Military 

MIL-H-6088 

MIL-B-20148 

STANDARDS 
Federal 

FED-STD-151 Metals, Test Method 

Military 

MIL-STD-23 Nondestructive Testing Symbols 


Rods, Welding, Aluminum and Aluminum Alloys 
Brazing Alloys, Aluminum and Magnesium, Filler Metal 

Heat Treatment of Aluminum Alloys, Process for 

Brazing Alloys, Aluminum and Aluminum Alloys 
Sheets and Plates, Aluminum Brazing Alloy Clad 
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PROCESS SPECIFICATION 
BRAZING OF ALUMINUM AND ALUMINUM ALLOYS 


1. SCOPE 

1.1 Thia specification establishes the requirements for brazing aluminum and aluminum 
alloys. 

S. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids form 
a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 

QQ-R-566 

QQ-B-655 

Military 

MIL-H-6088 Heat Treatment of Al uminum Alloys, Process for 

MIL-B-20148 Brazing Alloys, Al uminum and Aluminum Alloys 

Sheets and Plates, Aluminum Brazing Alloy Clad 

STANDARDS 
Federal 

FED-STD-151 Metals, Test Method 

Military 

MIL-8 TD-23 Nondestructive Testing Symbols 


Rods, Welding, Aluminum and Al uminum Alloys 
Brazing Alloys, Aluminum and Magnesium, Filler Metal 
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3.5.3 Relief Venting. Closed Teasels or joints shall be rented for gas expansion to prevent 
distortion or collapse by air pressure of the assembly and to facilitate removal of fluxes. 

3.5.3 Preheating. Preheating to a temperature between 800*F and 1050*F, depending upon 
the alloy, shall be required for fabricated units to be dip braxed. Preheating of assemblies 
to be joined in addition to those to be dip braxed shall be permitted. 

3.8 . 4 Fit. The clearance between mating surfaces being furnace braxed shall not exceed 
0.003 inch. When other methods are applied, the clearance shall not exceed 0.010 inch, 
except in those areas of a joint in which one or botii mating surfaces are intentionally 
beveled. 

3.8.8 Assembling . Sufficient clamping, fixturing, or track welding shall be done to insure 
that the proper proportion and shape is maintained within the specified tolerances. Temporary 
braces, riveting, pinning, or metal stitching shall be permitted. Subject to the approval of 
the procuring activity, spot welding may be used, but shall not be located in highly stressed 
areas. 

3.8 PROCESS 

3.6.1 Torch Brazing . Except for brazing of thin materials, the heat shall be applied to the 
entire area to insure proper flow of filler metal. 

3.8.2 Dip Brazing. Units to be dip braxed shall be immersed in a bath of Alcoa flux number 
34 or 53, or equivalent, in a suitable container. The container shall be free of contamination 
and shall have proper controls to insure correct temperature. Preheating of units shall be 
done prior to the immersion of the unit in the flux bath. Temperature of the molten bath shall 
be maintained within ±10*F. 

3. 8 . 3 Furnace Brazing . Assemblies to be furnace braxed shall be properly fluxed with one 
of the Alcoa fluxes 36, 33, 30, or equivalent, and supported to maintain the shape and correct 
clearance between joints. Suitable filler material such as shim washer, paste or wire shall 

be placed in the area to be brazed prior to placing the assembly in the brazing furnace. Uniform 
heat must be maintained at the recommended temperature for the specific alloy being braxed 
to insure a satisfactory joint. 

3.8.4 Induction Brazing. When units are to be brazed by the induction method, proper care 
shall be taken to provide for uniform heating at the joints to be brazed. The surfaces to be 
joined shall be cleaned and fluxed, and filler metal shall be placed in the area to be brazed. 

3. 8.8 Block Brazing. Block brazing or brazing by heated dies shall be performed by fluxing, 
preplacing of the filler metal, and by clamping the assembly to heated dies which conform to 
the general outline of the parts to be joined. Uniform heating is required. 

3.6.8 Resistance Brazing . Parts to be joined shall be fluxed, filler metal added and the parts 
clamped between two carbon blocks. An electric current shall be conducted from one block, 
through the work, to the second block thereby heating the work to the brazing temperature. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Inspection and test procedures shall be in accordance with the provisions 
of Bureau of Naval Weapons Publication OP 400 and Standard FED-STD-151, and as specified 
herein. 

4.2 NONDESTRUCTIVE TESTS. Brazed joints shall be inspected in accordance with the 
applicable drawing. Interpretation of nondestructive testing symbols shall be in accordance 
with S ta nd a r d MIL-8TD-23. Inspection and testing of brazed joints shall include the following: 

4* 2.1 Visual Inspection. Each brazed joint of each assembly shall be visually inspected. 
Filler metal shall be present in the joint fill area along all exposed joint edges. Joints of 
such design that fillets of filler metal can form at joint edges shall posses such fillets. 

Fillet radii shall be any dimension greater than zero. Joints shall also be for 

the following, which shall be cause for rejection: 

a. Evidence of melting of parent metal. 

b. Failure of braze filler metal to melt. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

«. NOTES 

6.1 SAFETY PRECAUTIONS 

6.1.1 Ventilation. Suitable blowers, exhaust fans or other approved safety devices shall 
be provided to protect personnel from ^as and fumes resulting from flux heating. 

4.2 DEFINITIONS 

4. 2.1 Applicable Drawing. Applicable drawing as used in this document shall mean that 
Apollo G &N drawing which defines the structural dhd electrical parameters of the particular 
component under consideration and which references this document. 
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1. INTRODUCTION 

1.1 Scope. This specification establishes the procedures for preparing 

a special purpose lubricant and applying it to bearings of the following type: 

Method A - ribbon type retainers 
Method B - Phenolic retainers 
Method C - Low torque application 

1.2 Usage. The lubricant mixture is recommended for use in low 
pressure or vacuum environment due to its low volitility. It is also 
recommended for use when fogging and coating of optical surfaces must 
be avoided. 

1.2.1 The lubricant is not to be used when high loads are involved. 

The serviceable temperature range is -55° to + 200°F. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue in effect on the date of 
invitation for bids, form a part of this specification to the extent 
specified herein: 

Fed. Std. #209 - Clean Room and Work Station Requirements, 

Controlled Environment. 

3. REQUIREMENTS 

3.1 Materials : 

3.1.1 Silicone Grease Per SCD-1012051 

3.1.2 Silicone Fluid Per SCD-1012050 

3.1.3 Cobehn Spray-Clean Solvent, Freon TF, or equivalent/ 

3.1.4 Lint-Free lens tissue, or finger cots. 

3. 2 Equipment : 

3. 2.1 Centrifuge: The centrifuge shall be capable of maintaining 
"G" loads within +10% of the values specified herein. 

1 * 
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3.2.2 Vacuum chamber: The vacuum chamber shall be capable 
of maintaining a vacuum to 0.05 mm Hg absolute or less at 70 F. 

3.2.3 Bearing tweezers and holding rods. 

3.2.4 Glass or Pyrex beakers, or equivalent. 

3.2.5 Smooth-Rator or equivalent torque measuring unit. 

3.2. 6 Cobehn Automatic Bearing Cleaner, Model 10-20BC-2S-1 or 
equivalent. 

3.2.7 Power mixing device. 

3.2.8 Clean eyedropper having an orifice diameter of 1 to 2 mm. 

3.3 Cleaning and Handling Instructions: 

During the cleaning and lubricating of instrument ball bearings, 
the following precautions shall be observed: 

3.3.1 The ball bearings shall not be handled or touched by 
bare or unprotected fingers. When handling ball bearings, 
use a clean, lint-free lens tissue; bearing tweezers, a 
bearing holding rod or finger cots. Make certain that 

an tools, bearing tweezers or holding rods, etc. are 
free of all foreign matter. 

3.3.2 When changing from one lubricant to another, make 
certain that all the previously used lubricant is completely 
removed from the bearing handling tools, ^Thoroughly clean 
the tools in Freon TF, or Cobehn Spray-Clean Solvent, or 
equivalent. 

3.3.3 The ball bearings and bearing handling tools shall not 
be placed on the bare, unprotected work bench. Place the 
bearings or tools on a clean, lint-free lens tissue or in a 
suitable container. 

3.3.4 Alternate and equivalent cleaning methods may be 
used only with prior approval of the procuring activity. 

3. 3.5 Clean bearings on a Cobehn automatic bearing cleaner. 
Model 10-20BC-2S-1 or equivalent. 

3. 3.6 The following operation shall be performed in a dust 
free controlled atmosphere system, meeting the minimum 
requirements of Fed. Std. #209 Class 100. 

a) Preparation and storage of lubricants. 

b) Cleaning and lubrication of the bearings. 

c) Inspection procedure. 
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3.4 Method A - Lubrication of Bearings with Ribbon Type Retainers 

3.4.1 Preparation of Lubricant Mixture 

3.4.1.1 Measure out grease and oil in the following ratio: 

10 grams Silicone Grease - SCD 1012051 
80 cc Silicone Oil - SCD 1012050 

3.4.1.2 Agitate the grease and oil to a homogeneous 
mixture until there are no visible grease particles. 

3.4.1.3 If difficulty is experienced in obtaining a homogeneous 
mixture* the following procedure should be followed. 

3.4.1.3.1 Heat the silicone oil to 200°C. 

3.4.1.3.2 Add heated oil to the grease and stir to get 
initial dispersion. 

3.4.1. 3.3 Stir the mixture with a power stirrer to a 
homogeneous mixture and until there are no visible 
grease particles. 

3.4.1.3.4 Allow mixture to cool to room temperature prior 
to use. 

3.4.1.4 Slight separation may occur during storage* therefore, 
the mixture should be thoroughly agitated before each use. 

3.4.2 Oiling Procedure 

3.4.2.1 Place bearing in centrifuge cup with lettered side down. 

3.4.2.2 Oil each ball w ith one drop of lubricant using the eyedropper. 

3.4.2.3 Leave bearing in this position for three minutes. 

3.4.2.4 Turn bearing over so that lettered side comes up. 

3.4.2.5 Centrifuge for five minutes at 100 ^.'s. 

3.4.2. 6 Remove bearings from centrifuge. If shields 
are required* install at this ppint. 

3.4.2.7 Bearing should be sealed in a non-contaminating 
package as soon as practical. 

3.5 Method B - Lubrication of Bearings with Phenolic Type Retainer 

Ml ~ 

3.5.1 Preparation of Lubricant Mixture: ^ 


3. 5.1.1 Prepare lubricant mixture in accordance 
with 3.4.1. 
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3.5.2 liiubrication Procedures 


3.5.2.1 The use of alternate lubricants is prohibited. 

3.5.2.2 Place bearings in a clean glass or pyrex beaker. 

3.5.2.3 Place beaker in a vacuum chamber at 70°F. 

3. 5.2.4 Evacuate to 0.05 mm Hg absolute or less and 
hold for a minimum of 15 minutes. 

3.5.2. 5 Maintaining that >pressure, introduce Silicone 
fluid into the beaker until the bearings are completely 
submerged in the fluid. 

3. 5.2. 6 Hold at that pressure for a minimum of 
30 minutes, then release vacuum. 

3. 5. 2. 6.1 If only the phenolic retainer is lubricated, 
remove the retainer and place in a clean, dust-free 
polyethylene bag or other suitable container. After the 
retainer is assembled into the ball bearing, complete 
3.5.2. 9 through 3. 5. 2. 9. 


3.5.2.7 Remove the bearings and immediately immerse 

in the lubricant mixture of Silicone Grease and Silicone Fluid, 
prepared per 3.4.1. 

3.5.2.8 Centrifuge the bearings at JOOG's for $ minutes. 

3.5.2.9 Package bearings in accordance with requirements 
specified on the applicable engineering drawing or purchase 
order. 

3. 6 Method C - Lubrication of Bearings for Low Torque Applications 
3. 6.1 The use of alternate lubricants is prohibited. 

3. 6.2 Place bearings in a clean glass or pyrexftdaker. 

3. 6.3 Place beaker in a vacuum chamber at 70°F. 

3. 6. 4 Evacuate to 0.05 mm Hg absolute or less and hold for 
a minimum of 15 minutes. 

3.6.5 Maintaining that pressure, introduce Silicone Fluid 

into the beaker until the bearings are completely submerged 

in the fluid. ^ 

3. 6. 6 Held at that pressure for a minimum of 30 minutes, 
then release vacuum. 

3.6.7 Centrifuge the bearings at 400G's for 5 minutes. 
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3. 6.8 Package bearings in accordance with requirements 
specified on the applicable engineering drawing or purchase 
order. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Inspection: 

4.1.1 After cleaning, all bearings shall be carefully inspected 
to make certain that all foreign matter is completely removed. 

4.1.1.1 Using a bearing holding rod or bearing tweezers, which 
hold the bearing by the inner race, and a clean-lint-free lens 
tissue or a finger cot, slowly rotate the bearing. The bearing 
shall rotate in a smooth, continuous even manner. There 
shall be no binding or resistance to rotation in the bearing. 

4.2 Noise Count and Dwell Level: 

4.2.1 All instrument precision ball bearings, having an I. D. of 
less than 0.500 inch and lubricated per this specification shall 
be subjected to the following tests using a Smooth-Rator, or 
equivalent torque measuring unit. 

4. 2.1.1 Dwell level is defined as, - that measurement of 
retarding forces resulting from minute imperfections inherent 
in the manufacture of the bearing. 

4.2.1.2 Noise count is defined as, - that measurement of 
sporadic retarding forces due to dirt, foreign particles, 
brinnelling and/or other mechanical conditions. 

4.2.2 Dwell Level and Noise Count Test 

4.2. 2.1 Using a Smooth-Rator or equivalent check the bearing 
rotating at 600 RPM. The noise count shall not exceed the 
values in Table I, after observing the bearing for a minimum of 
10 seconds. 


TABLE I 


ABEC Class Dwell Level Noise Level 

7 4 2 

5 5 2 

NOTE: For bearings having an I. D. of 0. 500 to 0.750 inch, 
the Dwell level shall not exceed 6 and Noise Count 
shall not exceed 4. 


(rJ*v. A) 





5. NOTES 




5 1.1 Starting torque of the lubricant mixture at room temperature 
is appreciably lower than grease alone, but is higher than for oil 
alone. 


5.2 Temp 


5.2.1 Tools, lubricants, and bearings should be at room temperature 
during the oiling procedure. 

5.2.2 The oiled bearings and lubricant mixture should be stored at 
room temperature. 


5.3 Storage 

5.3.1 The lubricant mixture may be stored in glass containers 
having cap seals of a non-contaminating material (e.g., polyethylene). 

5.3.2 Each preparation shall be marked to indicate date of preparation 
and expiration date. Expiration date shall be one year after date of 
preparation. 
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3.2.2 Vacuum chamber: The vacuum chamber shall be capable 
of maintaining a vacuum to 0.10) mm Hg absolute or less at 70 F. 

3.2.3 Bearing tweezers and holding rods. 

3.2.4 Glass or Pyrex beakers, or equivalent. 

3.2.5 Smooth-Rator or equivalent torque measuring unit. 

3.2.6 Cobehn Automatic Bearing Cleaner, Model 10-20BC-2S-1 or 
equivalent. 

3.2.7 Power mixing device. 

3.2.8 Clean eyedropper having an orifice diameter of 1 to 2 mm. 

3. 3 Cleaning and Handling Instructions: 

During the cleaning and lubricating of instrument ball bearings, 
the following precautions shall be observed: 

3.3.1 The ball bearings shall not be handled or touched by 
bare or unprotected fingers. When handling ball bearings, 
use a clean, lint-free lens tissue; bearing tweezers, a 
bearing holding rod or finger cots. Make certain that 

all tools, bearing tweezers or holding rods, etc. are 
free of all foreign matter. 

3.3.2 When changing from one lubricant to another, make 
certain that all the previously used lubricant is completely 
removed from the bearing handling tools, 'Thoroughly clean 
the tools in Freon TF, or Cobehn Spray-Clean Solvent, or 
equivalent. 

3.3.3 The ball bearings and bearing handling tools shall not 
be placed on the bare, unprotected work bench. Place the 
bearings or tools on a clean, lint-free lens tissue or m a 
suitable container. 

3.3.4 Alternate and equivalent cleaning methods may be 
used only with prior approval of the procuring activity. 

3.3.5 Clean bearings on a Cobehn automatic bearing cleaner. 
Model 10-20BC-2S-1 or equivalent. 

3. 3. 6 The following operation shall be performed in a dust 
free controlled atmosphere system, meeting the minimum 
requirements of Fed. Std. #209 Class 100. 

a) Preparation and storage of lubricants. 

b) Cleaning and lubrication of the bearings. 

c) Inspection procedure. 


2 

(Rev. CA) 




Ca * Aa H) 


*saxnuiui 5 aoj s,ooof XB sSuioBaq aqx a 3 njiaxua 0 L *9 *£ 

•umnoBA asBaxaa uaqx 
'saxmnra o£ }° mnunuim b aoj aanssaad x^qx ye px®H 9 *9 *£ 

•pinxj aqx «T 

paBaauiqns ^xa^aidraoo aoB sSuiaBaq aqx TT*un aaqsaq aqx oxui 
pinxd auoonTS aonpoaxui 'aanssaad ye\\\ Sututbxutbxv S *9 *£ 

•saxnuiui gx J° xnnunurra e 
aoj ptoq puB ssax ao axn|OsqB 2 h mui OH *0 °X ©XBnoBAa *9 *£ 

'iioOi XB J©quiBqo nmnoBA b ui aaqsaq aoBXd £ *9 '£ 

•aaqsaqxaaiCd ao ssbx 8 ireaxo b in sSuianaq aoBXd Z *9 '£ 

•paxifcjtqoad si sxireoiaqnx axBuaaxxB jo asn aqx I *9 '£ 
suoixBOTxddv anbaox Moq aoj sSirunsaa jo uoixBaiaqnq - 3 poqx©Itt 9 *£ 

•aapao 

asBqoand ao SuiMBap 8uiaaaui8ua axqBDixdtfe aqx uo paijioads 
sxuauiaainbaa qxiM. aoirepaoooB ui sSuiaBaq axhsqoBd 6 ’Z *S *£ 

•saxnuiui $ aoj s.OOOf V e sSuranaq aqx aSnjiaxuao 8 *Z *S £ 

*X *£ aad paaBdaad 

•pmxd auooiXTS P* 118 asnaao auooixxs J° ajnxxiui xireoiaqnx aqx ur 
asaauiuii £[axBTpauiun pire sSuioBaq aqx aAouiaa L *Z *9 '£ 


# 6 *Z *S '£ qSnoaqx «£*g’£ 
oxaxduioo 'Suianaq xi«q aqx oxui paxquiassB si aairrexaa 
aqx aaxjV ’aauiBxuoo axqBXins aaqxo ao Snq auax^qxo^qod 
aaaj-xsnp ‘ireaxo b ui aoBxd puB aaurexaa aqx aAouiaa 
'paXBOiaqnx si aairrexaa oixouaqd aqx ^X uo XI X *9 ‘Z 'S *£ 

•umnoBA asBaxaa uaqx ‘saxnuiui o£ 
jo umuriuiui b aoj aanssaad XBqx XB PX°H 9 *Z *S *£ 

•pinxj aqx in paBaaraqns 
iCx©P©ldnioo aoB sSuiaBaq aqx XTXun aaqsaq aqx oxui pinxj 
auoDixTS aonpoaxui ‘aanssaadxBqx SuiuiBxuiujq g z *Q *£ 

•saxnuiui gx jo umuiiuiui b aoj pxoq 
pire ssax ao axnxosqB 3h ura QtTO ox axBnoBAa f *z *g *g 
•a o 02, XB aaquiBqo rannoBA b ui aaqnaq aoBXd £ *Z *6 *£ 

•aaqBaq xaaXd ao ssbjS ireaxo b ui sSuiaBaq aoBXd Z *Z *S *£ 

•paxiqiqoad si sxireoiaqnx axBuaaxXB jo asn aqx X *Z *S '£ 

saanpaooad uoixBOiaqnq Z’g'fi 


ZAOSOOT ON 
uoxX-BOUT^ads onody 


NASA Apollo G&N Specification 
ND 1002077 
Class ARelease 
TDRRNo. 00708 
1 April 1983 

O 

PROCESS SPECIFICATION 
FOR 

SPECIAL PURPOSE LUBRICANT 
AND 

LUBRICATION OF INSTRUMENT 
BALL BEARINGS 


Pages Revised 


Revision 

Letter 

TDRR # 

Pages Revised 

Approvals 

Date 

MIT | 

NASA 

A 

IO%00 

Title Page, pages 1-4 
incl. Pages 5 and 6 added. 

na 


7 / 7 /v/ 

B 

17991 

Pages 1, 3,and 4 

lid 

HnkM 

4/1/65 

C 

18591 

Pages 2, 4 

m 

m 


D 

18856 


HI 

W/9 

5A/65 




> 




This specification consists of pages i through 
:iii and pages 1 through 7 inclusive. 


9 

I 



























NASA Apollo G&N Specification 
ND 1002077 
3 April 1963 


PROCESS SPECIFICATION 
FOR 

SPECIAL PURPOSE LUBRICANT 
AND 

LUBRICATION OF INSTRUMENT 
BALL BEARINGS 

1. INTRODUCTION 

1.1 Scope. This specification establishes the procedures for preparing 

a special purpose lubricant and applying it to bearings of the following type: 

Method A - ribbon type retainers 
Method B - Phenolic retainers 
Method C - Low torque application 

1.2 Usage. The lubricant mixture is recommended for use in low 
pressure or vacuum environment due to its low volatility. It is also 
recommended for use when fogging and coating of optical surfaces must 
be avoided. 

1. 2.1 The lubricant is not to be used when high loads are involved. 

The serviceable temperature range is -55° to + 20Q°F. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue in effect on the date of 
invitation for bids, form a part of this specification to the extent 
specified herein: 

Fed. Std. #209 - Clean Room and Work Station Requirements, 

Controlled Environment. 

3. REQUIREMENTS 

3.1 Materials : 

3.1.1 Silicone Grease Per SCD-1012051 

3.1.2 Silicone Fluid Per SCD-1012050 

3.1. 3 Cobehn Spray-Clean Solvent, Freon TF, or equivalent 
3.1. 4 Lint-Free lens tissue, or fiinger cots. 

3.2 Equipment : 

3. 2.1 Centrifuge: The centrifuge shall be capable of maintaining 
"G" loadB within _+10% of the values specified herein. 

1 
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3. 4 Method A - Lubrication of Bearings with Ribbon Type Retainers 


3. 4.1 Preparation of Lubricant Mixture 

3.4.1.1 Measure out grease and oil in the following ratio: 

10 grams Silicone Grease - SCD 1012051 
80 cc Silicone Oil - SCD 1012050 

3.4.1.2 Agitate the grease and oil to a homogeneous 
mixture until there are no visible grease particles. 

3. 4.1.3 If difficulty is experienced in obtaining a homogeneous 
mixture, the following procedure should be followed. 

3.4.1.3.1 Heat the silicone oil to 200°C. 

3.4.1. 3. 2 Add heated oil to the grease and stir to get 
initial dispersion. 

3.4.1.3.3 Stir the mixture with a power stirrer to a 
homogeneous mixture and until there are no visible 
grease particles. 

3.4.1.3.4 Allow mixture to cool to room temperature prior 
to use. 

3.4.1.4 Slight separation may occur during storage, therefore, 
the mixture should be thoroughly agitated before each use. 

3.4.2 Oiling Procedure 

3.4.2.1 Place bearing in centrifuge cup with lettered side down. 
3. 4.2. 2 Oil each ball w ith one drop of lubricant Mixture using the 

3.4.2. 3 f^ve^Searing in this position for three minutes. 

3.4.2.4 Turn bearing over so that lettered side comes up. 

3.4.2.5 Centrifuge for five minutes at 100 g.’s. 

3. 4. 2. 6 Remove bearings from centrifuge. If shields 
are required, install at this point. 

3. 4. 2. 7 Bearing should be sealed in a non*-contaminating 
package as soon as practical. 

3. 5 Method B - .Lubrication of Bearings with Phenolic Type Retainer 


3.5.1 Preparation of Lubricant Mixture: 


3.5.1.1 Prepare lubricant mixture in accordance 
with 3.4.1. 
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3.5*2 Lubrication Procedures 

3.5.2.1 The use of alternate lubricants is prohibited. 

3*5*2.2 Place bearings in a clean glass or pyrex beaker. 

3.5*2.3 Place beaker in a vacuum chamber at 70°F* 

3.5.2.4 Evacuate to 0.10 mm Hg absolute or less and 
hold for a minimum of 15 minutes. 

3.5*2.5 Maintaining that pressure, intarduce Silicone fluid per 
SCD 1012050 into the beaker until the bearings are completely 
submerged in the fluid. 

3.5*2.6 Hold at that pressure for a minimum of 30 minutes, 
then release vacuum. 

3.5.2.6.1 If only the phenolic retainer is lubricated, remove the 
retainer and place in a clean, dust-free polyethylene bag or other 
suitable container. After the retainer is assembled into the ball 
bearing, complete 3.5-2.7 through 3.5.2.9. 

3.5*2.7 Remove the bearings and Immediately Immerse in the lubricant 
mixture of Silicone Grease and Silicone Fluid prepared per 3.4.1. 

3.5.2.8 Centrifuge the bearings at lOOG’s for 5 minutes. 

3.5.2.9 Package bearings in accordance with requirements specified 
on the applicable engineering drawing or purchase order. 


3.6.1.1 The use of alternate lubricants is prohibited. 

3.6.1.2 Place bearings in a clean glass or pyrex beaker. 

3.6.1.3 Place beaker in a vacuum chamber at 70°F. 

3.6.1.4 Evacuate to 0.10 mm Hg absolute or less and hold 
for a minimum of 15 minutes. 

3.6.1.5 Maintaining that pressure, introduce silicone fluid 
into the beaker until the bearings are completely submerged 
in the fluid. 

3.6.1.6 Hold at that pressure for a minimum of 30 minutes, 
then release vacuum. 

3.6.1.7 Centlfuge the bearings at 100 G’s for 5 minutes. 

3.6.1.8 Package bearings in accordance with requirements 
specified on the applicable engineering drawing or purchase order. 


Method C - Lubrication of Bearings for Low Torque Appllcatmons 
3.6*1 Oiling procedure for bearings with phenolic retainers. 
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3.6.2 Oiling procedure for bearings vith ribbon retainers 

3.6.2.1 The use of alternate lubricants is prohibited. 

3.6.2.2. Place bearing in centrifuge cup vith lettered 

side down* ' .. . 

3.6.2.3 Oil each ball vith one drop of silicone fluid per 
SCO 1012050. using the eyedropper. 

3.6.2. ^ Leave bearing in this position for three minutes. 

3.6.2.5 Turn bearing over so that lettered side comes up. 

3.6.2.6 Centrifuge the bearings at 100 Q's far 5 minutes. 

3.6.2.7 Remove bearings from centrifuge. If shields are 
required, install at this point. 

3.6.2.8 Package bearings in accordance vith requirements 
specified on the applicable engineering drawing or 
purchase order. 

3.6.3 Alternate oiling procedure for bearings vith ribbon retainers. 

3.6.3.1 The use of alternate lubricants is prohibited. 

3.6.3.2 Oil alternate or a lesser number of balls as necessary 
vith one drop of silicone fluid per SCO 1012050 to give 
weight of lubricant not less than nor 3 times more than the 
amount of lubricant obtained after conforming to paragraph 
3 . 6 . 2 . 6 . 

3*6.3.3. If shields are required install at this point. 

3.6.3.4. Rotate bearing by hand 3*4 times to uniformly 
distribute oil vithln bearing. 

3.6.3.5 Package bearings in accordance vith requirements 
specified on the applicable engineering drawing or 
purchase order. 
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PROCESS SPECIFICATION 
FOR 

SPECIAL PURPOSE LUBRICANT 
AND 

LUBRICATION OF INSTRUMENT 
BALLBEARINGS 


1. INTRODUCTION 

1.1 Scope. This specification establishes the procedures for preparing 
a special purpose lubricant and applying it to bearings of the following type: 

i 

Method A - ribbon type retainers i 

Method B - Phenolic retainers 
Method C - Low torque application ~ 

1.2 Usage. The lubricant mixture is recommended for use in low 
pressure or vacuum environment due to its Inuri^lailUli It is also 
recommended for use when fogging and coating of optical surfaces must 
be avoided. 

1.2.1 The lubricant is not to be used when high loads are involved. 

The serviceable temperature range is -55° to + SOO°F. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue in effect on the date of 
invitation for bids, form a part of this specification to the extent 
specified herein: 

Fed. Std. #209 - Clean Room and Work Station Requirements, 

Controlled Environment. 

3. REQUIREMENTS 

3.1 Materials: 

3.1.1 Silicone Grease Per SCD-1012051 \ 

3.1.2 Silicone Fluid Per SCD-1012050 

3.1.3 Cobehn Spray-Clean Solvent, Freon TF, or equivalent* 

311.4 Lint-Free lens tissue, or finger cots. (For all Bearings) and/or Lint-Free 
Clean Room Gloves (for Bearing's having and I.D.Greater than 0.75 inch.). 

3.2 Equipment : 

3.2.1 Centrifuge: The centrifuge shall be capable of maintaining 
"G" loadv within+10% of the values specified herein. 
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3.2.2 Vacuum chamber: The vacuum chamber shall be capable 
<rf maintaining a vacuum to O.D5» mm Hg absolute or less at 70 F. 

3.2.3 Bearing tweezers and holding rods. 

3.2.4 Glass or Pyrex beakers, or equivalent. i 

3.2.5 Smooth-Rator or equivalent torque measuring unit. 

3.2.6 Cobehn Automatic Bearing Cleaner, Model 10-20BC-2S-1 or 
equivalent. 

3.2.7 Power mixing device. 

3.2.8 Clean eyedropper having an orifice diameter of 1 to 2 mm. 

3.3 Cleaning and Handling Instructions: 

During the cleaning and lubricating of instrument ball bearings, 
the following precautions shall be observed: 

3.3.1 The ball bearings shall not be handled or touched by 
bare or unprotected fingers. When handling ball bearings, 
use a clean, lint-free lens tissue; bearing tweezers, a 

bearing holding rod or finger cots (far all bearings) or lint-free clean room 
gloves (for bearings having an greater/than *0.75 inch.) Make certain that 

all tools,bearing tweezers or holding rods, etc.,are free of all foreign matter. 

3.3.2 When changing from one lubricant to another, make | 

certain that ail the previously used lubricant is completely I 

removed from the bearing handling tools. Thoroughly clean 1 

the tools in Freon TF, or Cobehn Spray-Clean Solvent, or | 

equivalent. ] 

3.3.3 The ball bearings and bearing handling tools shall not 

be placed on the bare, unprotected work bench. Place the ] 

bearings or tools on a clean, lint-free lens tissue or in a 
suitable container. 

3.3.4 Alternate and equivalent cleaning methods may be 
used only with prior approval of the procuring activity. 

3.3.5 Clean bearings as follower' ’.c r.. r, 

3 .3.5.1For bearings having an I.D. of 0.75 inch or less, clean bearings on a 
Cobehn Automatic Bearing Cleaner, Model 10-20BC-25-1 or alternate equipment. 

3.3.5.2 For bearings having an I.D. greater than 0.75 inch,clean in cleaning 
tanka made of non-contaminating materials. Usd only those solvents which have no 
deleterious effects bn its phenolic retainer. Vacuum dry after cleaning to 
ensure complete removal of solvent. 

3.3.6 The following operation shall be performed in a dust free controlled * 
atmosphere system meeting theminimum requirements of Fed.Std. #209 class 10,000. 

* ' a. preparation and storage'of lubricants 

T ' b. Cleaning add,lubrication of the bearings, 
c. Inspection procedure 

(Rev.$) ) 2 \ 
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3,5.2 Lubrication Procedures 

3.5.2.1 The use of alternate lubricants is prohibited, 

3 . 5 .2.2 Place bearings in a clean glass or pyrex beaker *>r equivalent. 

3«5.2.3 Place beaker in a vacuum chamber at 70°F. 

3 . 5 . 2.k Evacuate to 0.10 ns Hg absolute or less and 
hold for a minimal of 15 minutes. 

3.5.2.5 Maintaining that pressure, intorduce Silicone fluid per 
SCD 1012050 into the beaker until the bearings are completely 
submerged in the fluid. 

3 . 5 .2.6 Hold at that pressure for a minimum of 30 minutes, 
then release vacuum. 

3 . 5 .2.6.1 If only the phenolic retainer is lubricated, remove the 
retainer and place in a clean, dust-free polyethylene bag sr other 
suitable container. After the retainer is assembled into the ball 
bearing, complete 3*5«2.7 through 3.5.2.9* 

3 . 5 .2.7 Remove the bearings and Inediately imaerse in the lubricant 
mixture of Silicone Grease and Silicone Fluid prepared per 3A*1* 

3 .5.2 .8 Centrifuge the bearings at lOOG's for 5 minutes* 

3 . 5 .2 .9 Package bearings in accordance vith requirements specified 
on the applicable engineering drawing or purchase order. 

3.6 Method C - Lubrication of Bearings for Low Torque Applications 

3.6.1 Oiling procedure for bearings with phenolic retainers. 

3.6.1.1 The use of alternate lubricants is prohibited. 

3.6.1.2 Place bearings in a clean glass or pyrex bearer. 

3.6.1.3 Place beaker in a vacuum chamber at 70°F. 

3.6.1A Evacuate to 0.10 ms Hg absolute or less and hold 
for a of 15 minutes. 

3 .6.1.5 Maintaining that pressure, introduce silicone fluid 
into the beaker until the bearings are ooapletely submerged 
in the fluid. 

3.6.1.6 Hold at that pressure for a minimum of 30 minutes, 
then release vacuum. 

3.6.1.7 Centifuge the bearings at 100 O’s for 5 minutes* 

3.6.1 .8 Package bearings in accordance with requirements 
specified on the applicable engineering drawing or purchase order. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 Inspection: 

4.1.1 After cleaning, all bearings shall be carefully inspected 
to make certain that all foreign matter is completely removed. 

4.1.LI Using a bearing holding rod/bearing tweezers, finger COte or 
lint-free clean xtont gloves',hold the'bearing by the inner race and sloirly 
rotate the bearing. The bearing' Shall rotate in a smooth continuous 
even manner.' mere shall be no binding or resistance to rotation of the 

1 bearing. - .* \*. " *' ■ ' ? v 7 - rr -* 

4.2 Noise Count and Dwell Level: 

4.2.1 All instrument precision ball bearings, having an I. D. of 
less than 0.500 inch and lubricated per this specification shall 
be subjected to the following tests using a Smooth-Rator, or 
equivalent torque measuring unit. 

4.2.1.1 Dwell level is defined as, - that measurement of 
retarding forces resulting from minute imperfections inherent 
in the manufacture of the bearing. 

4.2.1.2 Noise count is defined as, - that measurement of 
sporadic retarding forces due to dirt, foreign particles, 
brinnelling and/or other mechanical conditions. 

4.2.2 Dwell Level and Noise Count Test 

4.2.2.1 Using a Smooth-Rator or equivalent check the bearing 
rotating at 600 RPM. The noise count shall not exceed the 
values in Table I, after observing the bearing for a minimum of 
10 seconds. 

TABLE I 

ABEC Class Dwell Level Noise Level 

7 . 4 2 

5 5 2 

NOTE: For bearings having an I.D. of 0.500 to 0.750 inch, 
the Dwell level shall not exceed 6 and Noise Count 
shall not exceed 4. 







3 - 2 ^pplying Lubricant to Bearings . The following equipment and 
materials are required to apply lubricant to bearings: 
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ENAMEL, LUSTERLESS, AIR-DRYING, APPLICATION OF 


The purpose of this document is to establish the application 
requirements for air-drying, lusterless enamel. 
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PROCESS SPECIFICATION 

ENAMEL, LUSTERLESS, AIR-DRYING, APPLICATION OF 


1. SCOPE 

1.1 This specification establishes the requirements for the application 
of air-dyring lusterless enamel. 


APPLICABLE DOCUMENTS 


SPECIFICATIONS 


Federal 

TT-E-527 


Enamel, Alkyd, Lusterless 


Military 

MIL-P-8585 


Primer Coating, Zinc Chromate, 
Low-Moisture Sensitivity 


2 2 CONFLICTING REQUIREMENTS. In the event of conflict between 
the requirements of the contract, this specification, and other;specifications 
and drawings cited herein, resolution must be obtamed from the MIT APOLLO 
Management Office via the]5rbcuring activity. 


This specification consists of page i 
to iii and 1 to 4 inclusive. 
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DESCRIPTION AND REQUIREMENTS 
FOR 

PROCESS FOR 

ENCAPSULATING WITH LOW EXOTHERM 
EPOXY RESIN SYSTEM 


1. SCOPE 

1. 1 Scope. This document covers the procedure for encapsulating 

electronic component or assemblies with an air or heat cure semi-flexible epoxy 
resin system. 

1.2 The cured resin system exhibits excellent resistance to mechanical 

and thermal shock and low exothermic heat rise during cure. 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents of the issue in effect on the date for invita¬ 

tion for bids forms a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal - 

O-A-51 Acetone, Technical 

BB-F-671 Freon, T. F. 

DRAWINGS 

Apollo G It N Specifications - 

1006838 Epoxy Resin 

10068 32 Curing Agent 

1005008 Silicone Rubber Compound 

1006835 Curing Agent 
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(Copies of specifications, standards, drawings and publications required by con¬ 
tractors in connection with specific procurement functions should be obtained from 
the procuring activity, or as directed by the contracting officer.) 

3. MATERIALS AND EQUIPMENT 

3. 1 Epoxy resin and curing agent per Dwg. 1006832. 

3. 2 Suitable mold release as Simonise wax or equivalent. 

3. 3 Silicone rubber per Dwg. 1005006. 

3. 4 Curing agent per Dwg. 1006835. 

3. 5 Acetone per Federal Specification O-A-51. 

3. 6 Freon T. F. per Federal Specification BB-F-671 or equivalent. 

3. 7 Electronic Sub-assembly to be encapsulated. 

3. 8 Vacuum system capable of supporting a column of mercury 29. 5 

inches high (11 mm). 

3. 9 Circulating hot air oven capable of maintaining temperatures to 

76 +_ 2 degrees C. (158 4 degrees F.) 

3. 10 Balance with gram weights. 

3. 11 Electric hot plate or equivalent. 

3. 12 Water bath. 

3. 13 Polyethylene syringe, tapered tips, 1/32 to 1/10 inch orifice. 

3. 14 Disposable paper cups, as required. 

3. 15 Spatula. * 

3. 16 Cloth, lint-free, clean. 

3. 17 Emery paper, 180 grit or equivalent. 
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4. PROCEDURE 

4. 1 Pre-clean the sub-assembly with clean cloth dampened with Freon 

T. F. or equivalent. Allow to air dry. 

4. 2 Clean metallic mold surfaces with clean cloth dampened with acetone 

or equivalent. Allow to air dry. 

4. 3 Apply two coats of Simonize wax or equivalent to the internal sur¬ 

faces of the mold and polish with clean cloth. 

4. 4 Position the sub-assembly in the mold. Proper alignment shall be 

according to applicable drawing. 

4. 5 Prepare and thoroughly mix the following materials in a disposable 

container at room temperature: 

100 parts by weight of silicone rubber compound per Dwg. LOO5006 

. 5 to 1 part by weight of curing agent per Dwg. 1006835. 

CAUTION: Working life of this mixture is 15 to 20 minutes at 
room temperature. ^ 

4. 6 Seal all mold interfaces with the silicone rubber mixture to prevent 

seepage of resin during encapsulation process. 

4. ? Place the mold assembly in a 70+ 2 degrees C. (158 + 4degrees F) 

oven for a minimum of fifteen (15) minutes. 

4. 8 Prepare and thoroughly mix the following resin mixture in a dis¬ 

posable container at room temperature: 

1 part by weight of epoxy resin per Dwg. 1006832-1 

1 part by weight of curing agent per Dwg. 1006832-2 

NOTE: Preheat each component in original container to 35+ 2 
degrees C (91 to 99 degrees F) prior to mixing. 

4. 9 Maintain the resin mixture at a temperature of 35 ♦ 2 deg roes d 

(91 to 99 degrees F). 

CAUTION: Working life of this mixture is 20 to 30 minutes at 
60 degrees C (140 degrees F). 


3 

( REV A) 










p»,. M « r, « M , 


PS 


3 &s S 

J 2 o 3> 

0-3 

& * Q < 
< 0 Z M 


*2 JO 

JS >< 

2 <2 9 

<tj .i j 

g So 

« 2 fc 

* • < 

«s « ® 

■ 5 5 

2 3 .S 

•o <« » 

0) © • 
o x * 

P M M 

J; o o 

0U *M 

4) .iJ TJ 
X «J 4) 

£ §1 e 

H 5 fl 

^3 -tJ — dO 

5 >.5 2 

w « c ^ 

O 3 V CS 

~ 3 g « 
• 6 § 6 
« u a 
*S • o -a 

s :•« % 

E S.5 w 

d © -3 c 

g >1 

•° C . « 

.5 g E .$? 

f o«> 

•sip 

o • Tj 

s u s S 

o o •; 
a d « © 
ki g J: y 
d o u ts 

ai; *§ 
# tJ§3 
x « g. d 

H 4) 4> O 



:*3l 


m 


jp 




h£S 

Sftss 

j z 2 “ 
& * o < 

«< O & ca 



3 ?S 


MIT~INSTRUklErtfrATION LA BORA TORY 











































APOLLO 

G Ik N SPECIFICATION 
ND 1002121 
TDRRNO. 0*8/2. 

17 August 1963 

CLftSS A 

DESCRIPTION AND REQUIREMENTS 

*4 

» FOR 

\\ ! • 

PROCESS FOR 

INSTALLATION OF INSERTS, 

$ THREADED, SELF LOCKING 

> • , 


Record of Revisions 


Revision 

Letter 

TDRR 

Number 

Pages 

Revised 

| Approvals 

Date 

mmmm\ 

I 

i 

A 

07943 

BUI 

mm 

mm 

WU2IKM\ 

B . 

18324 

All 

mi 

IW3 





m 1 

am 

_i 


This specification consists of pages i through iv and 1 through § inclusive. 













APOLLO 

G k N SPECIFICATION 
ND 1002121 
17 August 1963 

4.4 Broaching Procedure for Materials Exceeding Briimel 150 

NOTE: In very hard materials (exceeding Brtnnel 150) the following 

procedure shall be performed to pre-broach key way for self-locking 
insert and stud locking keys in sises 10-32 (internal thread) and 
larger. Broaching s not necessary for internal thread sises of 8-32 
or smaller. 

CAUTION When material U Boryllldm, oil or water molt b. used 
during fabrication process* 

4.4.1 Prepare hole for insert per 4.1* 

4.4. 2 Install insert .01 to .03 below surface in prepared hole and mark 
location of one of the keys in relation to parent material. 

4.4.3 Remove the insert and place the broaching tool in the hole. (For 

Beryllium, the broaching tool screws in.) 

4.4.4 Line up one of the broach blades with the mark* 

4.4.5 Tap the head of the broaching tool until head and body meet. 

the broaching tool. Using suitable equipment remove all chips and burrs prior 
to insert installation, > 

4.4.6 Install insert to initial depth and line up one of the keys to original mark. 

4.4.7 Drive down keys. 

NOTE: Broaching tools are available from vendor. A special tool is 
available for; Berylli um * 

5. QUALITY ASSURANCE PROVISIONS 

5.1 The installed insert assembly shall provide the locking torque and 

strength requirements as specified 6n the applicable drawing. 

5. 2 The installed insert assembly shall not protrude above the mounting 
surface. ■ 

■ ■ - • 3 ;/ 
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BERYLLIUM SHAPES, VACUUM HOT PRESSED 


The purpose of this document Is to establish the 
manufacturing and test requirements for procurement 
for vacuum hot pressed beryllium shapes• 
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PROCUREMENT SPECIFICATION 
BERYLLIUM SHAPES, VACUUM HOT PRESSED 


1. SCOPE 

1*1 This specification establishes requirements for the 
procurement of vacuum hot pressed beryllium shapes 
(hereinafter termed "Shapes”) which are to be machined 
to final form. 


2. APPLICABLE DOCUMENTS • 


2.1 The following documents of the Issue In effect on the 

date of Invitation for bids form a part of this specification 
to the extent specified herein: 

SPECIFICATIONS 


Military 

MIL-P-116 Preservation, Methods of 

MIL-I-6866 Inspection, Penetrant Method of 


MIL-R-11470 Radiographic Inspection; Qualification 

of Equipment, Operators, and Procedures 

APOLLO 0 & N 

. ND 1015404 General Specification, Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliability 
Artloles for Use In Spacecraft and 
Support Equipment 

STANDARDS 


Federal 

FED-STD-151 


Metals; Test 
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4. 3 Qualification of materials. Prior to use, the materials to be used 
in each 5 day production period shall be tested as follows: 

4. 3,1 A suitable quantity, sufficient for measuring Shore D hardness 
and density shall be mixed and evacuated ^er paragraph 3.3. Method I 
resin mixture shall be cured at 215 F ± 5 F for 2 hours minimum or at 
165°F ± 5 F for 8 hours minimum. Method II resin mixture shall be 
cured at room temperature for 24 hours minimum. 

4. 3. 2 The density and Shore D hardness of the cured material shall be 
measured at room temperature. The parent batch of materials from 
which the cured sample is made shall not be used if the density is not 
equal to 96 is 6 lbs/ft 3 (1. 55 * #10 gm/cm 3 ) and the hardness is less 
than 85 Shore D. 


(Rev A) 
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SPECIFICATION FOR 
BLACK ANODIZING OF BERYLLIUM 

1. SCOPE 

1.1 This specification covers the requirements for black anodizing 
beryllium with the following types of finish. 

Type 1 - dull black finish 
Type 2 - glossy finish 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the latest issue in effect on the 
date of invitation for bids, form a part of this specification 
to the extent specified herein: 

ND 1015404 General Specification Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Support Equipment. 

ND 1002125 Procurement Specification, Beryllium Shapes, 
Vacuum Hot Pressed 

3. REQUIREMENTS 

3.1 General Requirements 

3.1.1 The black anodic coating covered by this specification 
shall be applied to beryllium metal that meets the 
requirements of ND 1002125. 

3.1.2 Unless otherwise specified, the anodic coating shall be 
applied* after all heat treatments and mechanical finishing 
operations, such as machining, brazing, forming, welding, 
etc. 

3.1.3 Beryllium and its compounds are highly toxic. Adequate 
safety measures must be taken to protect against beryllium 
containing spray or solutions. 

3.1.4 The smoothness and final optical characteristics of the anodic 
coating is dependent upon the surface finish of the part and the 
part shall be adequately prepared before the anodix coating is 
applied. 

3.1.4.1 For Type 1 finishes the anodic coating shall be applied 
to a dull surface finish on the beryllium yielding a matte 
dull black anodic finish. The dull surface finish on 
beryllium can be attained by immersion in a solution 
such as 40 per cent nitric acid 2 per cent dydryfluoric 
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3.2 


3.3 


acid (by volume) for 30 to 60 seconds. This treat¬ 
ment prior to anodic treatment results in a dull 
black coating of an egg shell texture. 

3.1.4.2 For type 2 finishes the anodic coating shall be 

applied to a shiny bright beryllium surface yielding 
a glossy mirror-like Jiet black anodic finish. The 
shiny bright finish on beryllium can be attained by 
imm ersion in a chemical polishing solution. A 
typical solution is: 


Phosphoric acid (85 per cent) 

Sulfuric Acid 

Water 

Chromic Acid 
Temperature 
Time 


100 gal. 

5 1/2 gal. 

23 gal. 

115 lbs. 
ambient 

20 to 30 minutes. 


3.1.5 When visually examined the beryllium part shall be free from all 
visible defects and foreign matter which will be detrimental to 
the appearance and performance of the anodic coating. 


Materials 


3.2.1 The anodising solution shall be an aqueous chromic acid 
solution, having a chromic acid concentration of not 
less than 10% nor more than 35% by weight. 


Detail Requirements 

3.3.1 Unless otherwise specified, the thickness of the applied anodic 
coating shall be 0.0001 to 0.00012 inch per surface, and the 
resultant dimensional loss shall not exceed 0.0001 inch per 
surface. 

3.3.2 The applied anodix c oating shall be capable of withstanding 
a temperature of 300°F. without degradation or change of 
t he color or surface condition of the anodic coating. 

3.3.3 The anodic coating shall be continuous, smooth, adherent and 
uniform in appearance. Visual examination shall disclose 
freedom from visible pits, porosity, powdered areas and 
other defects. Suspect areas are to be examined under 

ten (10) power magnification to ensure freedom from defects. 

3.3.4 Areas which are not to be anodized are to be masked with a suitable 
masking material such as a chemical milling maskant. The maskant 
material shall be removed completely after anodic treatment and shall 
have no deleterious effects on the beryllium. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 Process and Quality Control 

4.1.1 Supplier process and quality eontrol shall be in 
accordance with ND 1015404# c ~ 

4*2 Test specimens 

4.2.1 Tests shall be performed either on the anodised beryllium 
parts on on anodised beryllium test specimens. These 
specimens shall be beryllium from the same lot or pressing 
number as the fabricated parts, but need not conform to 
the configuration of the end item* unless otherwise 
specified. The test specimens shall be processed with 
the fabricated parts they represent. The surface finishes 
of the test speftimens shall be identical to those of the 
fabrioated part. The anodic coating on the anodised test 
specimens shall conform to all the detail requirements of 
paragraph 3.3. 

4.3 Testa 

4.3.1 Test specimens only shall be subjected to a temperature 
of 300° ± 10°F for a period of 4 hours. The color and 
luster of the anodic coating shall meet the requirements 
of paragraph 3.3.2. 

4*4 Inspection 
4-4.1 Visual 

4.4.1.1 The anodised parts and test specimens shall be visually 
inspected* uSuspe&tareas'^arertcrbe examined- uhdes ten (10) 
power magnification. 

4.4*2 Dimensional change 

4.4.2.1 The dimensional change due to the anodic coating 
shall meet the requirements of paragraph 3.3.1. 

4.4.3 Finish 

4.4.3.1 The anodised parts shall be inspected for compliance 
with surface finish, optical requirements and any 
other requirements specified on the drawing. 
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5. PREPARATION FOR DELIVERY 

5.1 The anodised part* shall b* packaged In aeeordanoo with 
TO 1002215, Cod# 5. 


Theanodic coating is mainly BeO with some melathic beryllium. 

A typical spectrographic analysis indicates a minor amount of 
Chromium (1 to 10 per cent) is present together with trace quantities 
(in the order of 0.001 per cent) of Fe, Ti, Si, Mg, and AL. The 
fact that the coating is black whereas BeO is normally white is 
believed to be due to the optical effect of the small particle size. 
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SPECIFICATION FOR 
BLACK ANODIZING OF BERYLLIUM 


1. SCOPE 

1.1 This specification covers the requirements for black anodizing 
beryllium with the following types of finish. 

Type 1 - dull black finish 
Type 2 - glossy finish 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the latest issue in effect on the 
date of invitation for bids, form a part of this specification 
to the extent specified herein: 

ND 1015404 General Specification Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Support Equipment. 

ND 1002125 Procurement Specification, Beryllium Shapes, 
Vacuum Hot Pressed 

3. REQUIREMENTS 

3.1 General Requirements 

3.1.1 The black anodic ooating covered by this specification 
shall be applied to beryllium metal that meets the 
requirements of ND 1002125. 

3.1.2 Unless otherwise specified, the anodic coating shall be 
applied after all heat treatments and mechanical finishing 
operations, such as machining, brazing, forming, welding, 
etc. 

3.1.3 Beryllium and its compounds are highly toxic. Adequate 
safety measures must be taken to protect against beryllium 
containing spray or solutions. 

3.1.4 The smoothness and final optical characteristics of the anodic 
coating is dependent upon the surface finish of the part and the 
part shall be adequately prepared before the anodix coating is 
applied. 


3.1.4.1 For Type 1 finishes the anodic coating shall be applied 
to a dull surface finish on the beryllium yielding a matte 
dull black anodic finish. The dull surface finish on 
beryllium can be attained by immersion in a solution 
such as 40 per cent nitric acid 2 per cent dydryfluoric 
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acid (by volume) for 30 to 60 seconds. This treat¬ 
ment prior to anodic treatment results in a dull 
black coating of an egg shell texture. 

3.1.4.2 For type 2 finishes the anodic coating shall be 

applied to a shiny bright beryllium surface yielding 
a glossy mirror-like j et black anodic finish. The 
shiny bright finish on beryllium can be attained by 
immersion in a chemical polishing solution. A 
typical solution is: 

Phosphoric acid (85 per cent) 

Sulfuric Acid 
Water 

Chromic Acid 
Temperature 
Time 

3.1.5 When visually examined the beryllium part shall be free from all 
visible defects and foreign matter which will be detrimental to 
the appearance and performance of the anodic coating. 

3.2 Materials 

3.2.1 The anodizing solution shall be an aqueous chromic acid 
solution, having a chromic acid concentration of not 
less than 10% nor more than 35% by weight. 

3.3 Detail Requirements 

3.3.1 Unless otherwise specified, the thickness of the applied anodic 
coating shall be 0.0001 to 0.0007 inch per surface, and the 
resultant dimensional loss shall not exceed 0.0001 inch per 
surface. 

3.3.2 The applied anodix c oating shall be capable of withstanding 
a temperature of 300<>F. without degradation or change of 
the color or surface condition of the anodic coating. 

3.3.3 The anodic coating shall be continuous, smooth, adherent and 
uniform in appearance. Visual examination shall disclose 
freedom from visible pits, porosity, powdered areas and 
other defects. Suspect areas are to be examined under 

ten (10) power magnification to ensure freedom from defects. 

3.3.4 Areas which are not to be anodized are to be masked with a suitable 
masking material such as a chemical milling maskant. The maskant 
material shall be removed completely after anodic treatment and shall 
have no deleterious effects on the beryllium. 


100 gal. 

5 1/2 gal. 

23 gal. 

115 lbs. 
ambient 

20 to 30 minutes. 
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PROCUREMENT SPECIFICATION 
FOR 

BLACK ANODIZING OF BERYLLIUM 


This procurement specification covers a black chromio 
acid anodic coating applied to beryllium. 
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PROCUREMENT SPECIFICATION 
FOR 

BLACK ANODIZING OF BERYLLIUM 


1. SCOPE 


1.1 This specification covers the requirements for a 

proprietory process of providing a black anodic coating 
on beryllium. ^ 


2. APPLICABLE DOCUMENTS 


2.1 


The following documents, of the latest issue in effect 
the date of invitation for bids, form a part of this 
specification to the extent specified herein: 


on 


ND 1015404 General Specification Configuration, 

Process and Quality Control Requirements 
for Suppliers of High Reliability Articles 
for Use in Spacecraft and Support Equipment 

ND 1002125 Procurement Specification, Beryllium 
Shapes, Vacuum Hot Pressed 


3. REQUIREMENTS 

3.1 General requirements 

3.1.1 The black anodic coating covered by thla specification 
shall be applied to beryllium metal that meets the 
requirements of ND 1002125. 

3.1.2 The black anodic process shall be performed by a supplier 

approved by the procuring activity on the basis of a 
review of the equipment and processes employed and/or a 
review of appropriate documentation to substantiate past 
successful performance. K 

3.1.3 Unless otherwise specified, the anodic coating shall be 
applied after all heat treatments and mechanical finishing 
operations, such as machining, brazing, forming, welding 

e to. ^ * 
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The purpose of this document is to establish the manufacturing and 
test requirements for procurement. The one speed, frame size eight, resolver 
transmitter is Intended for use in the Apollo Guidance and Navigation Equipment 
program. 



FR0CURM3NT SPECIFICATION 
ORE S P E ED, FRAME SIZE EIGHT, RESOLVER TRANSMITTER 

TYPE 8 r 6 h 8 


1. SCOPE 

1.1 This specification establishes the requirements for the 

procurement of the One Speed JPraaa Size Eight jResolver 

Transmitter, Type 8 r 6 n 8 hereinafter called resolver. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the 

date of invitation for bids font a part of this speciflcalon 
to the extent specified herein. 

SPECIFICATIONS 

RASA Apollo GUI 

RD-1002013 Description and Requiresients 

Publication for Procuresient 
of Resolvers, Electrical, 

AC, General Specification 
for. Rational Aeronautics 
and Space Administration. 


DRAWINGS 


NASA Apollo GUT 

1010428 One Speed, Frsme Size 

Eight, Resolver Transmitter, 
Specification Control Drawing. 

1010429 Resolver, Transmitter 

(Frame Size 8 ), Specification 
Control Drawing. 


(Copies of specificatiors and drawings required by contractors in 
connection with specific procurement functions should be obtained from the 
procuring agency or as directed by the contracting officer). 
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SPECIFICATION FOR THE #*■■■**#* AND A4S/NG&T 
OF 

ELECTRICAL WRAPOST CONTACTS AND INSULATORS 


Me purpose of this document is to establish the require* 
sents for the pseeebtipeot seSpesteebfctaef sw wmsos t contacts and 
insulators for use in Apollo Guidance and Navigation Equipment* 



Apollo G & N Specification 

ND-1002136 

12 Sept. 1963 

1* SCOPE 

1.1 SCOPE. This specification covers assembly requirements for wrapost 
contacts,and insulators comprised of male and/or female contacts, their 
respective insulators, and their mounting structures or metal insert plates* 

The wrapost contacts and insulators shall be hereinafter referred to as 
connectors or connector assemblies. 

1.2 CLASSIFICATION. Connector assemblies shall have two configurations: 

a. Those which are lined up on a 0.200 inch grid configuration, 
hereinafter referred to as Type A. These assemblies consist of contact 
blade (1010382) and insulator male (1010383) or contact female (1010379) 
and insulator female.(1010380) 

b. Those which are lined up on a 0.125 inch grid configuration, 
hereinafter referred to as Type B. These assemblies consist of contact, 

•020 blade (1006782) and insulator, male, mini (1006775) or contact, 
female, mini (1006781) and insulator, female mini (1006774)• 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation 
for bids shall form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Apollo G & N 

ND-1015404 General Specification Configuration, Process 

and Quality Control Requirements for Suppliers 
of High Reliability Articles for Use in Space¬ 
craft and Supporting Equipment. 

ND-1002004 Epoxy Bonding 
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SPECIFICATION FOR THE *&£UmST 
OF 

ELECTRICAL VRAPOST CONTACTS AND INSULATORS 

1 


The purpose of this document is to establish the require¬ 
ments for the assembly of wrapost cohtaetsv and 't 5 ' 

insulators for use In Apollo Guidance and Navigation Equipment* 
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1. SCOPE 

1 1 SCOPE. This specification covers assembly requirements for wrapost contacts, 
and insulators comprised of male and/or female contacts, their respective insulators, 
and their mounting structures or metal insert plates. The wrapost contacts and 
insulators shall be hereinafter referred to as connectors or connector assemblies. 

1.2 CLASSIFICATION. Connector assemblies shall have two configurations: 

a. Those which are lined up on a 0.200 inch grid configuration, hereinafter 
referred to as Type A. These assemblies consist of contact blade (1010382) and 
insulator male (1010383) or contact female (1010379) and insulator female (1010380). 

b. Those which are lined up on a 0.125 inch grid configuration, hereinafter 
referred to as Type B. These assemblies consist of contact, . 020 blade (1006782) and 
insulator, male, mini (1006775) or contact, female, mini (1006781) and insulator, 
female mini (1006774). 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitation for bids 
shall form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Apollo G k N 
ND-1015404 


ND-1002004 


General Specification Configuration, Process 
and Quality Control Requirements for Suppliers 
of High Reliability Articles for Use in Space¬ 
craft and Supporting Equipment. 

Epoxy Bonding 
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STANDARDS 

Military 

MIL-STD -105 

MIL-STD-202 
MIL-STD-810 


Sampling Procedures and Tables for 
Inspection by Attributes 

Test Methods for Electronic and 
Electrical Components Parts 

Military Standard Environmental Test 
Methods for Aerospace and Ground Support 


DRAWINGS 


Apollo 0 * N 


1006774 

Insulator, Wrapost Female Miniature 
(Specification Control Drawing) 

1006775 

Insulator, Wrapost Male Miniature 
(Specification Control Drawing) 

IOO 678 I 

Contact, Wrapost Female Miniature 
(Specification Control Drawing) 

1006782 

Contact, Wrapost Male Miniature 
(Specification Control Drawing) 

1010379 

Contact, Wrapost Female (Specification 
Control Drawing) 

1010380 

Insulator, Wrapost Female 
(Specification Control Drawing) 

1010382 

Contact, Blade Edge Connector (Specificati 
Control Drawing) 

1010383 

Insulator, Wrapost Male (Specification 
Control Drawing) 

■+> 


REV A 


2 


Apollo G & N Specification 

ND-1002136 

12 Sept. 1963 


3.2 

3.2.1 


3. requirements 

, l DESCRIPTION - Each assembled connector covered by this specification 

3a exposed of (1) contacts. (2) nylon inserts, and (3) the mounting 

structures or metal insert plates. Contacts shall be suitably 
insulated in the nylon insulator and shall be designed to permit 
individual insertion and removal from their respective inserts. 

The male contact dimensions shall be such that it properly ma 
with the female contact, or equivalent, when arrayed on 0.200 
or 0.125 inch centers as specified on their respective drawings. 

GENERAL REQUIREMENTS 

PreDroduetion Samples. Unless otherwise specified in the contract 
or order, preproduction samples of connectors covered by this 
specification shall be manufactured using the methods and pro¬ 
cedures proposed for the production lot. These samples will be 
tested as specified in Section 4 herein, and are for the purpose 
of determining that the production item will meet the requirements 
of the contract, applicable drawings, and this specification. 

322 connector Assemblies . Connector assemblies shall be composed of 

parts as set forth in paragraph 3.1 or as may be required by 
contract or order in whole or in part. 

3j CONNECTOR PARTS DESIGN REQUIREMENTS f* 

3.3.1 Contact Holding Feature 

, 3 1 1 Tvoe A After full insertion into the insulator and mounting 

structure, the Type A contact shall withstand a minimum pushout 
load of 20 pounds in either direction when tested in accordance with 
paragraph 4.7.2.2. The insulator shall be cemented to the 
mounting structure with type I adhesive per ND1002004 to meet the 
20 pound minimum requirement. 

3 3 1.2 Type B After full insertion into the insulator and mounting 
structure, the Type B contact shall withstand a minimum P u 
load of 7*. 5 pounds in either direction when tested in accordance with 
Daraaraph 4.7.2.2. The insulator shall be cemented to the 
mounting^structure with type I adhesive per ND1002004 to meet the 
7.5 pound minimum requirement* 


REV A 


3 


Apollo G&N Specification 

ND-1002136 

12 Sept. 1963 


3.3.2 Insertion Force of Mated Assembly 

3.3.2.1 Insertion Force of Type A The insertion force required to fully 

engage a male contact and insulator assembly into a female contact 
and insulator assembly shall not exceed 15 ounces. 

3 . 3 . 2 .2 Insertion Force of Type B The insertion force required to fully 
engage a male contact and insulator assembly into a female contact 
and insulator assembly shall not exceed 10 ounces. 

3.3.3 Retention Force of Mated Assembly 

3 . 3 . 3.1 Retention Force of Type A . The retention force of a fully engaged 

male contact and insulator assembly mated with a female contact 
and insulator assembly shall be a minimum of 4 ounces. 

3.3.3.2 Retention Force of Type B . The retention force of a fully engaged 
male contact and insulator assembly mated with a female contact 
and insulator assembly shall be a minimum of 3 ounces. 


3.4 CONTACT RESISTANCE, MATED 

3 . 4.1 Current Overload (Mated Contacts ) The contact when mated with a 
standard female in accordance with the set up in Figure 1 shall 
not deteriorate after current overload of 125 percent of rated 
current for 2 hours and 150 percent for 5 minutes. 

3.4.2 Dry Circuit Test for Mated Contact . Dry circuit resistance of 
individual mated contact (Reference Figures 1 and 2) shall be 
determined by two methods (see test paragraph 4.7.2.5 a and b)• 
The resistance obtained by method b shall not vary more than 
25 percent from that obtained in method a. 
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3.5 


3.5.1 


3.5.2 


3.6 


3.6.1 


3.6.2 


3.6.3 


3.7 


3.7.1 


HAND TOOLS 

Contact Insertion Tool . A suitable hand tool shall be provided to 
fully insert without deunage to the contact or the plastic insulator, 
or mounting structure or metal insert plate, or causing any condition 
which would prevent compliance with paragraphs 3.3.1.* and 4.7.2.2. 

A support block may be used to support the mounting structure or metal 
insert plate to prevent its deformation during contact insertion. 

Contact Removal Tool The contact removal tool shall provide a means 
of removing a contact from the insulator without damaging, or altering 
the contact in any way preventing compliance with paragraph 3.3.1. 
when reinserted in a new plastic bushing correctly mounted in the 
mounting structure or metal insert plate. 

ENVIRONMENTAL REQUIREMENTS 

Temperature During Transit or Storage . The connector covered by this 
specification shall be capable of withstanding (mechanical) gmbient 
temperatures within the range of minus 65°F through plus 160 F when 
tested in accordance with paragraph 4.7 After stabilizing at room 
temperature, compliance with this requirement shall be determined by 
visual inspection for damage. All parts of the connector when 
assembled after exposure to the storage temperature extremes shall 
meet the electrical and mechanical requirements of Section 3. 

Operating Temperature The mated connector assemblies shall operate 
in accordance with all requirements of this specification within the 
ambient temperature range of plus 32 F (freezing) through plus 135 F 
when tested in accordance with paragraph 4.7. . 

Thermal Shock. Mated connector assemblies after being exposed to 
the temperature cycle specified in paragraph 4.7.2.3 shall show ho 
evidence of cracking, fracture, or other damage detrimental to the 
operation of the connector. 

HUMIDITY The connectors shall be capable of normal operation when 
exposed to relative humidities up to 95 percent when tested in 
accordance with paragraph 4.7. . Compliance with this requirement 
shall be determined by testing dielectric withstanding voltage and 
insulation resistance as specified in paragraphs 4.7.2.9 and 4.7.2.10. 

Dielectric Withstanding Voltage The connector assembly when tested 
before and after humidity conditioning in accordance with paragraph 
4.7.2.9 shall show no evidence of break down when the boltages 
indicated are applied. 
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3.7.2 

3.8 

3.9 

3.10 

3.11 


Insulation Resistance Minimum insulation resistance shall be as 
follows; 

a. 100,003 megohms minimum before humidity conditioning. 

b. 1,000 megohms minimum during humidity. 

c. 50,000 megohms minimum after procedure. 

DURABILITY. The connector shall show no evidence of damage as a 
result of 500 cycles of mating connectors as specified in paragraph 

4.7.2.6. 


VIBRATION. The connectors >hen tested in mated condition in 
accordance with paragraph 4.7.2.7 shall not crack, break, or show 
other visible signs of loosening of parts or damage. 

SHOCK. When tested in accordance with paragraph 4.7.2.8 connectors 
shall exhibit no breakage, or loosening of contacts. 

WORKMANSHIP. The workmanship of the connector assemblies covered 
under this specification shall be suitable to assure conformance with 
the requirements contained herein. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The supplier Is responsible for p ?’[£^ c | x °£ D t 1 a 8 ln " 
snectlon and testing requirements as specified herein. Except as 
otherwise specified, the supplier may utilize his own or any other 

inspection and testing facilities and ! er Y} c * 8 ,®S|^ ta “* £ c Son 
National Aeronautics and Space Administration (NASA). Inspection 
records of the inspections and tests shall be f . k * pt B ?SJ let S A ?J d or • 
available to NASA as specified in the contract or order. NASA or 
designated representative reserves the right to -perform any of th. 
inapections and tests set forth in the specification Where deemed 
necessary to assure that supplies and services conform to prescribed 
requirements. 

4.2 SAMPLING 

4.2.1 Sampling. Sampling for preproduction and acceptance shall be as 

follows; 

a. Sampling for preproduction 

b. Sampling Plan A for acceptance (lot by lot production) 

c. Sampling Plan B for acceptance (periodic production) 

A o 1-iSf.mnlin* for Preproduction (Inspections and Testa). Unless otherwise 
* s peafled g for eachcontract o* order, a representati ve sample of part, 
or connector assemblies shall be manufactured using the 
procedures proposed for the production lot. These »”£*****, 

to the NASA Inspector for inspection and tests at an e of^he 

in the contract or order for purposes of determining thc 

product with the requirements of the contract, specification, and 
drawings. Further production of the item by the supplier prior 
approval of the procuring activity, or the 

and tests on the preproduction samples, shall be at the supplier s 
risk. 

4 2 12 Sampling Plan A Items shall be selected at random for * c J«P t8 £® e 

4.2.1 .2 bampiing rxa e&ch productlon lot in accordance with MIL- 

STD-105, Level II AQL of O .65 percent and be inspected in 
with paragraphs covering requirements to determine if the QL 
percent defective requirements are a °J e P ta |£** ^H^^S^one 
this will be the insertion and retention checks. Sh ?j£ d ® n ? ot 

terminal fail to pass the minimum or maximum tea J a * J* 1 * 1 
imint hi> 100 percent. A lot shall consist of parts which are pro- 

duced^under essentially identical co jf ^^^^^rSi^s^hall 
are presented for acceptance at one time. Maximum lot sizes shall 
be 100,000 contacts, 1,000,000 insulators and 5,000 metal insert 
plates or mounting structures. 
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4.2.1.3 Sampling Plan B For acceptance Inspection and test, 6 sample 
connector assemblies shall be selected at random from each 
5,000 lot, or at six-month Intervals, which ever comes first, 
having the same number of contacts. The samples shall be 
manufactured using the same tools, materials and methods as 
were used In the production lot which they represent. 

4.3 INSPECTIONS AND TESTS 

4.3.1 Classification of Inspections and Tests . The inspection and 
testing of connectors shall be classified as follows 5 

a. Preproduction Tests (Inspection and Testing) 

b. Visual and Dimensional Examination 

c. Inspections and Production Check Tests. 

4.3.1.1 Preproductlone Inspections and Tests. Preproduction Inspections 
and tests shall be performed at a rtASA designated activity. These 
inspections and tests are outlined in Tables I and II, respectively, 
and shall be conducted after award of the contract to determine 
that the production will meet all of the requirements of this 
specification. Acceptance* of the sample shall determine acceptance 
of the lot from which it was taken. Failure of the sample shall 
result in rejection of the lot and cessation of production as 
determined by the procuring activity. 
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Inspections 


Inspection 


Contact Holding Feature 
Contact Insertion Tool 
Contact Removal Tool 
Workmanship 


TABLE I ___ 

(For Sampling Plans A and B_I 


Requirement 

Paragraph 

3.3.1 

3.5.1 

3.5.2 
3.11 


AQL Percent 
Major 

0.65 

0.65 

0.65 

0.65 


Defective 

Minor 


J 


TABLE II 


Testing for Preproduction Tests 


and Sampling Plan B 


Test 


Requireme 

Paragraph 


Contact Push-Out l,oad 
Thermal Shock 
Mated Contact Resistance 
Dry Circuit 
Current Overload 
(Mated Contacts) 
Temperature 
(Transit or storage) 
Operating Temperature 
Humidity 
Durability 
Vibration 
Shock 

Dielectric Withstanding 
Voltage 

Insulation Resistance 


3.3.1 
3.6.3 
3.4 

3.4.2 ' 

3.4.1 

3.6.1 

3.6.2 

3.7 

3.8 

3.9 

3.10 

3.7.1 

3.7.2 


nt 


Testing Paragraph 


4.7.2.2 

4.7.2.3 

4.7.2.4 

4.7.2.5 
4.7.2.4 


4.7 


4.7 

4.7 

4.7.2.6 

4.7.2.7 

4.7.2.8 

4.7.2.9 

4.7.2.10 
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A 1 o Vi final and Dimensional Examination Inspection on a "lot by lot* 

4 ‘ 3a - basis per paragraph 4 . 2 . 1.2 of thi. specification shall meet the 

same requirements as those listed in Table I. 

4.3.1.3 production Check Tests . Plan B inspection and tests shall be 

performed on samples in accordance with Tables I and XI of this 
specification. 

4 4 NASA INSPECTION The NASA Inspector shall, during the manufacturing 

process, make such inspections as are necessary to determine 
the connector parts and assemblies are in accordance with t 
requirements of the contract, applicable drawings, and this 
specification. 

4^5 TEST EQUIPMENT. The following items of equipment are required to 

perform the tests specified herein. 

a. Western Millivolt Meter, Mod. 22, or equivalent 

b. General Electric Co., D.C. Ammeter, Type DT-2, or equivalent. 

c. Shock Testing Machine „ 

d. Vibration Testing Machine 

e. Oven, + 68 °P to +221°F (* 3°P accuracy). 

£. Cold Chamber, to +67°F (± 3°F accuracy). 

g. D.C. Power Source (20 amps.) (Max ripple of 2%) 

h. Dermitron (* 10 accuracy) (Anodic Film Thickness) . 

4.6 ACCEPTANCE TESTING 

A n Test conditions. Unless otherwise specified the connector 

assemblies rt SIl be subjected to acceptance tests 
under the following conditions. Any specified condition shall 
not affect any of the other ambient ranges. 

(a) Temperature (inspections): +70°F to +80°F 

(b) Temperature (tests) (operating): + 32 * + 13 

(c) Temperature (transit and storage)s -65 F thru +160 F 
\d) Relative Humidity: 30. 50 and 9o percent 

(e) Barometric Pressure: 28 to 32 inches of mercury 

(f) Vibration: None 

(g) Shocks None 
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TABLE III . 

Temperature cycle conditions | 

Sequence 

°p 

Start 

+l6o‘ 

Reduce 

.65 

Raise to 

■*68° 


4.7.2.4 Current Overload (Mated Contacts) - The mated contacts shall be 
tested for compliance with the~ requirements of paragraph 3.4.1 using 
the test setup shown in Figure 1. Tests shall be successively 
performed on the same sample except for the theraal shock test 
specimen. 

4.7.2.5 The Dry Circuit (Mated Assemblies Only) - Test procedure shall 
he as Follows* 

a. Microvolt Range. Dry circuit tests shall be made using the 
circuit shown in Figure 2 (a), 0.1 microvolt D.C. shall be 
applied across the test specimens and the polarity of the 
source voltage reversed. No voltage greater than 0.1 micro¬ 
volt shall be applied to the test specimens prior to 
application of the test voltage. Electrical continuity, 
current flow in both directions with the reversal of the 
polarity of source voltage with the knife switch, as in¬ 
dicated by the Keithley 150A microvolt ammeter in series 
with the test specimens shall be evidence of satisfactory 
compliance. No measurement of voltage drop across the test 
specimens Is required. 

b. Millivolt Range. Tests shall be conducted using the circuit 
shown in Figure 2 (b). The output of the power source shall 
be adjusted to give an open circuit voltage of 20 millivolts 
D. C. across the 3 ampere, 50 millivolt shunt and this 
voltage shall be Impressed across the test circuit In order 
to determine the contact resistance of the specimens. The 
resistance of the one ohm variable series resistor in the 
circuit shall be adjusted to limit the current through the 
test specimens to a value between 10 and 50 mllllamperes. 

A careful measurement of voltage drop across the test 
specimens and current through them will yield the parameters 
necessary to determine contact resistance. The one ohm 
variable resistor, or when necessary the Impressed voltage 
shall then be adjusted to Increase the current to 2-1/2 times 
that Initially obtained and the contact resistance re¬ 
de tennlned. These values of contact resistance shall not 
vary plus or minus 23 percent from one another or from the 
contact resistance measured at rated current. 
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4 7 i Test and Inspection Equipment'a nd Facilities. The supplier shall 

furnish and maintain all necessary test equipment, facilities and 
personnel for performing all acceptance tests. The test equipment 
shall be adequate in quantity, and unless otherwise specified, shall 
be of sufficient accuracy and quality to permit performance of the 
required acceptance measurements and testing. 

4.7.2 Inspection Test Procedure . 

4721 vi sual and Dimensional Inspection . A comprehensive inspection shall 
be made of each connector part and/or connector assembly submitted 
for acceptance to determine the extent of compliance with the require¬ 
ments of this specification and other documents referenced herein. 
Requirements to be verified are listed in Tables I and II. Failure 
of a connector part or a connector assembly to meet all or any 
requirements listed in Tables I and II shall be cause for rejection. 
Any connector assembly part which is replaced after inspection shall 
be cause for reinspection and acceptance by the NASA Inspector. 


4.7.2.2 


4.7.2.3 


Contact Retention. Axial loads shall be applied uniformly at a 
rate of one pound per second to individual contacts in unmated 
inserts in the normal removal direction. The contacts shall 
withstand an axial load of 20 pounds for type A and 7.5 pounds 
for type b when installed as specified in paragraphs 3.3.1.1 and 
3.3.1.2 


Thermal Shock - Test Samples of welded unmated connectors shall 
be exposed to one cycle of temperature conditions as shown m 
Table III and shall be subjected to tests in accordance with 
MIL-STD-202, Method 107-A. The samples shall be held at each 
specified temperature tor • minimum of 30 minutes. The . 

shall hot be exposed to room, temperatures for more than two minutes 
when transferred from high to. low temperature. The connector shall 
be examined in compliance with paragraph 3.6.3. 
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Durability. Connector assemblies complete with wire, 
contacts, and associated hardware shall be subjected 
to 500 cycles of mating. Testing of connectors shall not 
exceed 600 cycles per hour. 

Vibration. Sample connectors shall be subjected to a vibration 
test as specified in MIL-STD-202 except as follows: Test at 
20 G's, 0 to peak, limited to .4in double amplitude at 10 cps 
to 2000 cps to 10 cps 1 minute per octive log sweep along each 
of 3 orthogonal axes. During test continuity should be observed and 
connectors shall be examined for compliance with paragraph 3.^ 
of this specification. 

Shock Connectors shall be tested in accordance with Method 
207 of Standard MIL-STD-202, and meet the requirements of 
paragraph 3.|Oof this specification. Mounting fixture shall be 
in accordance with figure 207-5 of Standard MIL-STD-202 and shall 
meet the requirements of paragraph 3.8 of this specification. 

Dielectric Withstanding Voltage Test. Test for compliance with 
paragraph 3.T.1 in accordance with MIL-STD-202, Method 301. 
Connectors shall show no evidence of breakdown where the AC 
voltages indicated below are applied between the closest contacts, 
and between the housing and the contacts closest to the housing. 
Voltages shall be applied as follows: 

a. Before humidity conditioning 1000 vac rms at 60 cps 
for 1 minute or 1200 vdc. 

b. During humidity conditioning 400 vac rms at 60 cps for 
1 minute or 420 vdc may be used as alternative test 
voltages respectively. 

C- After 4 hour drying period — 1000 vac rms at 60 cps 
for 1 minute. 

Insulation Resistance Test . Test for compliance with 
paragraph 3.7.2 in accordance with MIL-STD-202, Method 
302 Condition B. Measurements shall be taken between all 
representative mutually insulated points. 

Humidity. Test connector assembly to determine compliance with 
paragraph 3.7. Tests shall be in accordance with MIL-STD-202, 

Method 103, Condition B. Measurements shall be taken of dielectric 
withstanding voltage before, during, and after drying period as in¬ 
dicated in paragraph 4.7.2.9. Measurements of insulation resistance 
shall be made before, during, and after the drying period per 
paragraph 4.7.2.10 
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NOTICE When NASA drawings, specifications, or °* h ®r 
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said drawings, specifications or other data is not to be 
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licensing the holder or any other person or corporation, 
or conveying any rights or permission tomanufacture^u^ 
or sell any patented invention that may be rela 
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1. SCOPE 

1.1 SCOPE. This specification oovers assembly requirements for connectors as herein 
defined. (Bee Section 6 for definitions.) 

1.1 CIASStFKATION. Connector assemblies governed by this specification shall have the 
following configurations. 

a. Those which are aligned on a 0.200 inch grid configuration shall be referred to as 
Type A. These assemblies consist of contact blade (1010382) and tnsnlatar male 
(1010383) or contact female (1010370) and insulator female (1010380). 

b. Those which are aligned an a 0.125 inch grid configuration shall be referred to as 
Type B. These assemblies consist of blade (1008782) and insulator, male, mini 
(1006775) or oontact, female, mini (1006781) and insulator, female mini (1006774). 

c. Those which are aligned on a 0.125 grid configuration using male insulator 1010956 
and crimp type male oontact 1010955 shall be designated as Type C. 

d. Single and double wrapost connectors on 0.200 inch grid shall be referred to as Type 
D connectors. These assemblies consist of: 

(1) Single end wrapost terminal 1010792, 1023008, and male insulator 1010383. 

(2) Double end wrapost terminal 1010659 and male insulator 1010383. 

e. Double wrapost connectors on 0.125 inch grid shall be referred to as Type E connectors. 
This assembly consists of double ended contact 1010994 and insulator 1010995. 

f. Ground connector assemblies on 0.125 inch grid shall be referred to as Type F 

connectors. The assembly shall be composed of a oontact (1008818) and a ground 
sleeve (1008819). , 

g. Ground connector assemblies on 0.200 inch grid shall be referred to as i Typb G-soni > -rp. 

nectar. The assembly shall'consist of male contact 1006996 ground sleeve faate . 

1006402 or female contact 1010379 and ground sleeve 1006403. 

h. Those which are aligned on a 0.200 grid using male insulator 1014310 or male insulator 
1006987 and a crimp type male contact 1006995 shall be designated Type H. 
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S. APPLKABLE DOCUMENTS 


2.1 The following documents of the issue in effect on the date of invitation for bids shall form 
a part of this specification to the extent specified herein. 

SPEC IFKAT10N8 


APOLLO GfcN 


ND1002004 

Process for Epoxy Bonding of Metallic and 

Nonmetallic Materials 

ND1002187 

Process Specification, Adhesive Bonding of Non-Rubber Parts 

ND1015404 

General Specification, Configuration, Process and Quality 
Control Requirements for Suppliers of High Reliability 
Articles for Use in Spacecraft and Supporting Equipment 

STANDARDS 


Military 


MIL-8TD-105 

Sampling Procedures and Tables for Inspection by Attribute* 

MII/-STD-202 

Test Methods for Electronic and Electronic Component Parts 

MIL-STD-810 

Military Standard Environmental Test 

Methods for Aerospace and Ground Support 

DRAWINGS 


APOLLO GAN 


1006402 

Sleeve, Ground Male 

1006403 

Sleeve Grounding 

1006774 

Insulator, Wrapost Female Miniature ( p : iT- 
(Specification Control Drawing) 

1006775 

Insulator, Wrapost Male Miniature 
(Specification Control Drawing) 

1006781 

Contact, Wrapost Female Miniature 
(Specification Control Drawing) 

1006782 

Contact, Wrapost Male Miniature 
(Specification Control Drawing) 
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1006987 

Insulator, Male 

1006995 

Contact, Male Crimp Type 

1006996 

Contact, Male 

1008818 

Contact, Electrical, Wrapost Subminiature Female 
Grounding (Specification Control Drawing) 

1008819 

Sleeve, Grounding, Subminiature Female 
(Specification Control Drawing) 

1010379 

Contact, Wrapost Female 
(Specification Control Drawing) 

1010380 

Insulator, Wrapost Female 
(Specification Control Drawing) 

1010382 

Contact, Blade Edge Connector 
(Specification Control Drawing) 

1910383 

Insulator, Wrapost Male 
(Specification Control Drawing) 

1010659 

Terminal Double End Wrapost 
(Specification Control Drawing) 

1010792 

Terminal, Single Ended Wrapost 
(Specification Control Drawing) 

1010955 

Contact Electrical Miniature Male Crimp Type 
(Specification Control Drawing) 

1010956 

Insulator, Bushing Wrapost Miniature Male SCD 

1010994 

Contact Wire Wrap Double Ended 
(Specification Control Drawing) 

1010995 

Insulator, Bushing (Specification Control Drawing) 

1014310 

Insulator, Male 

1023008 

Terminal Single Ended Wrapost 
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S. REQUIREMENTS 

3.1 DESCRIPTION. Each assembled connector covered by this specification is composed of 
(1) contacts, (2) inserts, and (3) the mounting structures or metal insert plates. Contacts 
shall be suitably assembled to permit individual insertion and removal from their respective 
inserts. The male contact shall be such that it properly mates with the female contact, or 
equivalent, when arrayed on 0.200 or 0.125 inch centers as specified on their respective 
drawings. 

3.2 GENERAL REQUIREMENTS 

3.2.1 Qualification Samples. When specifically required in the contract or order, qualification 
samples of connectors covered by this specification shall be assembled using the methods and 
procedures proposed for the production lot. These samples will be tested as specified in 8ection 
4 herein for the purpose of determining that the production item will meet the requirements of 
the contract, applicable drawings, and this specification. 

3.2.2 Connector Assemblies. Connector assemblies shall be composed of parts as set forth 
in 3.1 or be required fay the drawing. All inserts shall be replaced after disassembly of 
contacts and/or inserts. 

3.3 CONNECTOR ASSEMBLY REQUIREMENTS 

3.3.1 Connector Holding Feature. 

3.3.1.1 Type A. After full insertion of the contact into the insulator and mounting structure, 
the Type A connector shall withstand a minimum pushout load of 20 pounds in either direction 
when tested in accordance with 4.6.1. The insulator may be cemented to the mounting structure 
in accordance with 3.3.1.9 to meet the 20 pound minimum requirements. 

3.3.1.2 Type B. After full insertion of the contact into the insulator and mounting structure, 
the Type B connector shall withstand a minimum pushout load of 7. 5 pounds in either direction 
when tested in accordance with 4.6.1. The insulator may be cemented to the mounting structure 
in accordance with 3.3.1.9 to meet the 7.5 pound minimum requirement. 


3.3.1.3 Type C. Same as Type B 

3.3.1.4 Type D. Same as Type A 


3.3.1.5 Type E. Same as Type B 

3.3.1.6 Type F. After full insertion Into the grounding sleeve and mounting structure, the 
Type F connector shall withstand a minimum pushout load of 7.5 pounds in either direction 
when tested in accordance with 4.6.1. 


3.3.1. 7 Type G. After full insertion into the grounding sleeve and mounting structure, the 
Type G connector shall Withstand a minimum pushout load of 20 pounds. 


4 
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3.3.1.8 Type H. flame me Type A 

3.3.1. • Bonding of Insulators. When cemented, insulators shall be bonded to the mo un t ing 
structure using ND1002187 Type 3, ND1002004 Type I, or ND1002004 Type 6. 

3.3.3 Insertion Force of Mated Assembly 

3.3.2.1 Insertion Force of Type A, G and H. The insertion force required to folly engage 

a male contact insert assembly into a female connector assembly shall not exceed 15 ounces. 

3.3.2.2 Insertion Foroe of Type B, C, and F. The insertion force required to folly engage 

a male oontact and insert assembly into a female connector assembly shall not exceed 10 ounces. 

3.3.3 Withdrawal Foroe of Mated Assembly 

3.3.3.1 Withdrawal Force of Type A, G, and H. The retention force of a folly engaged male 
contact insert assembly mated with a female connector assembly shall be a minimum of 

4 ounces. 

8. 8.8.8 Wtthdrnral Pore, at Type B, C, ead, P. The ratenUea forcefof. fully engaged male 

assembly —< with a female connector assembly insert shall be a minimum of 3 ounces. 

3.3.4 Dimensional Requirements. Dimensions and tolerances of connector assemblies shall be 
in aooordanoe with Figures l a 2. 3, 4, and 5 as applicable. 

3.3.5 Contact Resistance, Mated 

3.3.5.1 Contact Resistance (Mated Connectors). The oontact resistance of a mated pair shall 
be determined in accordance with 4.6.3. The mated contact resistance at specified test current 
shall meet the requirements of Table L 


TABLE I 

CONNECTOR TYPE 


CONTACT RESISTANCE 


(AmDSl 

(Ohms! 

a; G, h 

5 

0.0025 max 

B, C, F 

3 

0.0025 max 


3.3.5.2 Dry Circuit Test for Mated Connector. Dry circuit tests of mated oontacts shall be 
performed as specified in 4.6.4. 

3.3.6 Current Overload (Mated Connectors). The connector assemblies shall exhibit no deterio¬ 
ration that may in any way be detrimental to the operation of the connector when tested in 
accordance with 4.6.5. 

3.3. T Ground Connector Assembly. The resistance between the contact and the mounting plate 
of a ground sleeve shall be 0.015 ohms maximum, when tested in accordance with 4.6.3.3. 


i 
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3.4 PROCESS REQUIREMENTS 

3.4.1 Contact Insertion. A suitable tool shall be provided for insertion of the connector 
without damage to the contact, insert or mounting structure or causing any condition which 
may prevent compliance with this specification. A support block may be used to support the 
mounting structure or metal insert plate to prevent its deformation chiring contact insertion. 
Insulators shall be conditioned at 25* ±5°C at a relative humidity of 60±15 percent for 2 hours 
minimum and then shall be seated in the mounting structure or metal insert plate prior to 
seating the contact in the insulator and the entire assembly seated in the mounting structure 
or plate using a suitable tool. 

3.4.2 Bent Contacts. Male contact blades which exceed four degrees from the perpendicular 
as measured from the mounting surface, shall be replaced. 

3.4.3 Misaligned Contacts in Ground Sleeves. Male and female contacts shall not be misaligned 
by more than 5 . o degrees from the established centerline as shown in Figure 4. 

3.4.4 Workmanship. The workmanship of the connector assemblies covered under this specifi¬ 
cation shall be suitable to assure conformance with the requirements contained herein. The 
assemblies shall show no evidence of cracking, crazing, fracture or other damage detrimental 
to the operation of the connector when examined under 3 x - 7 x magnification. 

3.5 THERMAL REQUIREMENTS 

3.5.1 Operating Temperature. R is intended that connector assemblies shall operate in 
accordance with all requirements of this specification within the ambient temperature range 
of +20 through +135°F. 

3.5.2 Thermal Shock. Connector assemblies after being exposed to the temperature cycle 
specified in 4 . 6.2 shall show no evidence of cracking, fracture, or other damage detrimental 
to the operation of the connector, when examined under 10 power magnification. 

3.6 INSULATION REQUIREMENTS 

3. 6 .1 Dielectric Wi thstanding Voltage. The connector assembly when tested in accordance with 
4 . 6.8 shall show no evidence of breakdown when the voltages indicated are applied. 

3. 6 .2 Insulation Resistance. M inimum insulation resistance between any 2 mutually insulated 
contacts or between any insulated contact and its mounting structure shall be: 100,000 megohms 
at standard test conditions (Ref. 4.3.1), 100 megohms at 90 percent relative humidity and 68 °F. 

8 . 7 DURABILITY. The connector shall show no evidence of breaks or cracks or exposure of 
base metal when tested in accordance with 4. 6.6 and examined under 10 power magnification. 
The connectors tested for durability shall meet the requirements of the remaining sequence of 
tests. 
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3.8 VIBRATION. The connectors when tested in mated condition in accordance with 4.0.7 
shall not crack, break, or show other visible signs of loosening of parts or damage or exhibit 
discontinuities in excess of 10 microseconds. 

3.9 OXYGEN REQUIREMENT. The connectors shall show no evidence of deterioration or 
corrosion that would be detrimental to the end use of the product when carrying the test current 
of Table I In an 100 percent oxygen environment of 5 psia when tested in accordance with 4.0.12. 

3.10 ALTITUDE. The connectors shall show no evidence of arcing corona or dielectric degra¬ 
dation that would be detrimental to the end use of the product when tested at a simulated altitude 
of 70,000 feet per 4.0.12. 

8. tl HUMIDITY. The connectors shall be capable of normal operation when exposed to relative 
humidity up to 95 percent. Compliance with this requirement shall be determined by testing 
dielectric withstanding voltage and insulation resistance as specified in 4.0.10. 
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4. QUALITY ASSURANCE 

4.1 GENERAL. The supplier is responsible for the performance of all inspection and testing 
requirements as specified herein. Except as otherwise specified, the supplier may utilize his 
own or any other inspection and testing facilities and services acceptable to The National Aero¬ 
nautics and Space Administration (NASA). Inspection records of the inspections and tests shall 
be kept complete and available to NASA as specified in the contract or order. NASA or desig¬ 
nated representative reserves the right to perform any of the inspections and testa set forth in 
the specification where deemed necessary to assure that supplies and services conform to 
prescribed requirements. 

4.1 CLASSIFICATION OF INSPECTIONS AND TESTS. The inspection and testing of connector 
assemblies shall be classified as follcwrs: 

a. Acceptance Tests 

b. Process Control Tests 
e. Qualification Testa 

4.3 TESTING, GENERAL REQUIREMENTS 

4.3.1 Standard Test Conditions. Unless otherwise specified, the connector assemblies shall 
be subjected to tests inspections under the following conditions. Any specified condition 
ah* 11 not affect any of the other ambient ranges. 

a. Temperature: 68*F to 86*F 

b. Relative Humidity: 40 to 80 percent 

c. Barometric Pressure: 28 to 32 inches of mercury 

4.3.2 Test Equipment. The following Items of equipment «re required to perform the tests 
specified herein. 

a. Western Millivolt Meter, Mod. 22, or equivalent 

b. General Electric Company, DC Ammeter, Type DT-2, or equivalent 
e. Vibration Testing Machine 

d. Oven, +68°F to +221°F (*-3°F accuracy) 

e. Cold Chamber (*3*F accuracy) 

t DC Power Source (Max ripple of 2 percent) 
g. Keithley Model 150A microvolt ammeter, or equivalent 

4.4 INSPECTION AND TEST SAMPLES 

4 41 Acceptance. For the purpose of conducting acceptance inspections and tests, a lot shall 
consist of all items of the categories listed below, assembled during an 8-hour period, r »*v 
stacepfctfent an issembly part may constitute a lot. 
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Categories 

I 

n 

m 

IV 

v 


Typ” 

A male, D 
A female 
Bmale, E 
B female, F 
C 


Sample sisee shall be in acoordanoe with the applicable revision of MIL-STD-105, Inspection 
Level n, single sample plans. Accept and reject number shall be in accordance with the AQL*,s 
listed in Table R. 


TABLE n 


INSPECTION FOR PRODUCT ACCEPTANCE 


INSPECTION 

REQUIREMENT 

PARAGRAPH 

AQL PERCENT, 
MAJOR 

Workmanship 

8.4.4 

0.65 

Dimensional 

8.3.4 

0.65 


4.4. S Process Control. For the purpose of conducting process control tests, either a sample 
plate or a piece of production hardware shall be used containing 10 connectors of each type to 
be run. The tests shall be conducted at the start of each production day an each category to be 
run during that day. In addition, at the start of each production week, a sample plats oon» ? ~ 
taimingS connectors shall be assembled for each category to be run during that week. 8amplc 
plates may be reused for nil typesoncept Types F and Q. . V 

4 . 4.3 Qualification. Qualification testing shall be accomplished on a sample plate. The follow¬ 
ing combinations shall be subjected to qualification testing: 

Male Type A mated to female Type A 
Male Type B mated to female Type B 
Male Type C mated to female Type B 
Male Type B mated to female Type F 

Each combination shall contain 50 contacts, and there shall be ft sample sstfc ^dhiadditta^-i , 
samples shall be qualified if different processes are used for assembly, or if different organi¬ 
sations perform the assembly even if using similar processes. The q ua lifi ca t ion test shall be 
those listed in Table IV. 


9 
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TABLE m 

PROCESS CONTROL TESTS 


TEST 

■■■jUiUihLLiilH 

PPVOTTFMPV 

SAMPLE 

Reauirement 



SIZE 

•Contact Push-out 
Load 

m 

H 

Start of each week or start of 
production lot if machine has 
been idle. 

5 

Contact Insertion 


HI 

Start of each day 

10 

Contact Withdrawal 

S. S.S 


Start of each day 

10 

Workmanship 

3.4.4 


Start of each day 

10 

Dimensional 

8.4.2 

3.3.4 


Start of each day 

10 

* Tests are not rec 

luired on Types F and Q 

i 


TABLE IV 

QUALIFICATION TESTS 


SEQUENCE 


— tttti n i m \ 

SAM 

TEST 

Reauirement 1 Testing 1 

1 

1 

Contact Insertion 

3.3.2 


X 

2 

Contact Withdrawal 

3.3.3 


X 

S 

Workmanship 

3.4.4 


X 

4 

Dimensional 

3.3.4 


X 

5 

Dry Circuit 

3.3.5 

4.6.4 

X 

• 

Contact Resistance 

3.3.5 

4.6.3 

X 

7 

Current Overload 

3.3.6 

4. 6.5 

X 

8 

Insulation Resistance 

3.6.2 

4. 6.9 

X 

9 

Dielectric Withstanding Voltage 

3.6.1 

4.6.8 

X 

10 

Thermal Shock 

3.5.2 

4.6.2 

X 

11 

Durability 

3.7 

4.6.6 

X 

12 

Vibration 

3.8 

4.6.7 

X 

13 

Humidity 

3.11 

4 .6.10 

X 

14 

Barometric Pressure (Alt.) 

3.10 

4.6.12 


15 

Oxygen 

3.9 

4.6.11 


16 

Contact Resistance at Test Current 

3.3.5 

4.6.4 

X 

17 

Insulation Resistance 

3.6.2 

4.6.9 

X 

18 

Dielectric Withstanding Voltage 

3.6.1 

4.6.8 

X 

19 

Oround Sleeves 

3.3.7 

4.6. 3. a 

X 

20 

Contact Pushout Load 

3.3.1 

4.6.1 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 


'10 


X X 
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4.8 INSPECTION AND TESTS 

4.5.1 Acceptance Tests, Inspection shall be made of each lot containing connector assemblies 
submitted for acceptance to determine the extent of compliance with the requirements of this 
specification and other documents referenced herein. Requirements to be verified per 4.4. 1 
are listed in Table n. Failure of a connector part or a connector assembly to meet all or any 
requirements listed in Table n shall be cause for rejection. Any connector assembly part 
which is replaced after inspection shall be reinspected. 

4.5.1.1 NASA Inspection. The NASA inspector shall, during assembly, make such inspections 
as he deems necessary to determine that the assemblies are in accordance with the require¬ 
ments of the contract, applicable drawings, and this specification. 

4.5.1 Process Control Tests. The production process for assembly of connectors shall be 
monitored for compliance with the requirements of this specification. Process samples 
selected in accordance with 4 . 4.2 shall pass 100 percent acceptance when tested in accordance 
with the requirements of Table ID. 

4.5. S Qualification Tests. Qualification tests are done when specified in the contract and are 
tests conducted to verify that the assembly and performance requirements of this specification 
have been met. Qualification tests samples, selected in accordance with 4.4.3, shall be tested 
in accordance with the requirements of Table IV. Tests shall be conducted on each sample in , 
the sequence shown in Table IV. Acceptance of the test results shall determine the acceptance 
of the assembly configuration and process. It shall be the responsibility of the supplier to 
analyse and initiate corrective action on all deficiencies revealed in qualification tests. 

4.6 TEST PROCEDURES 

4. 8 . 1 Contact Push-Out Load. Axial loads shall be at a rate of one pound per second m a xim u m 
to individual connectors in the normal removal direction. The contacts shall withstand an axial 
load of 20 pounds minimum for Types A, D, G and Rand 7.5 pounds minimum for Types B, C, 
E, and F when installed as specified in 3.3.1. 

4.6.2 Thermal Shock. Test sample connectors shall be subjected to tests in accordance with 
MIL-STD-202, Method 102A, Test Condition D, with a maximum temperature of 70°C. The 
connector shall be examined for compliance with the requirements of 3.5.2. 

4.0.3 Contact Resistance. Contact resistance of mated connector assemblies shall be deter¬ 
mined at test current and milliampere current levels. The values of contact resistance obtained 
shall be within 25 percent of one another. 

4. 6 . 8 .1 Contact Resistance at Test Current. The mated connectors shall be tested for com¬ 
pliance with the requirements of 3.3.5.1 using the test set-up shown in Figure 6 . 
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4. <. 9.1 Contact Re.lst.nce at MlUlamper. Currm*. Testa ahall ha oondnctad Mine the circuit 
■hown In Figure 6b. The output of the power eouroe eh»U be adjusted to (Ire an open elr«at 
voltage of 20 millivolts dc across the 3 ampere, SO millivolt shunt and this voltage shall be 
impressed serose the test circuit In order to determine the contact reolstonoe of *•”"*”*"*■ 
The resistance of the one ohm varlabto series resistor to the circuit shall be adjusted to Umit 
the current through the test specimens to a ralue between 10 and 60 mllUamperee. A <»r«ful 
measurement of voltage drop across the test specimens and current through them will yietd 
the parameters necessary to determine contact resistanoe. The one ohm varia ble 
when necessary, toe impressed voltage shall toen be adjusted to Increase the current to t-1/* 
times that initially obtained and the contact resistance redetermined. 

4 0 6 0 Ground Connector Resistance. The resistance between toe tolly inserted ground oon- 
nector and toe mounting plate .hall mebt the requirement of 3.3.7 when ^ 

a hown in Figure 7) with a dc current of 3.0*2.5 amperes. The resistance shall be ealcula 

using ohms law. 

4.6.4 Dry Circuit. Dry circuit teats shall be made using toe circuit shown in Figure 6a, 0.1 
millivolt dc shall be applied across the test specimens and toe polarity of the source voltage 
reversed No voltage greater than 0.1 millivolt shall be appUed to toe test apecimens prior to 
application of the tost voltage. Electrical continuity, current flow f 

reversal of toe polarity of source voltage with the knife switch, as indicated by toe Kelthley 160A 
microvolt ammeter in series with toe test specimens shall be evidence of satisfactory compliance. 
No measurement of voltage drop across toe test specimens is required. 

4.6.6 Current Overload. A current overload of 125 percent of toe value shown in Table I stall 
be passed through ton mated contacts in series for i hogrs and then lf» percent current shall 
be applied lor S minutes. The connectors shall comply with 6, to >. a. .too o nncl us l on. at ion 


4.6.6 Durability. Connector assemblies shall be subjected to 200 cycles of mating and unmating. 
Testing of connector* shall not exceed 600 cycles per hour. 


4 6 7 Vibration. Sample connectors shall be subjected to a vibration test as specified In 
MIL-8TD-202, Method 201A, except as follows. Test at 20g, 0 to peak, limited to 0.4 inch 
double amplitude at 10 epe to 2000 epe and return to 10 ops at 1 minute 

along each of 8 orthogonal axes. During tost, continuity should be observed and connector, shall 
be examined for compliance with 3.8 of this specification. 


4 6.8 Dielectric Withstanding Voltage Test. Dielectric withstanding voltage tests shall be 
performed In accordance with MIU-STD-202, Method 301, using 1000 vac rms at 60 ops or 
1200 vdc for 1 minute. Test results shall be in accordance with 3.6.1. At high humidity 
conditions per 4.6.11, the appUed voltage shall be 400 vac a* 420 vdc. 


4.6.9 Insulation Resistance Tests. Insulation resistance measurements shall be performed in 
accordance with MIL-STD-202, Method 302, Condition B. Measurements shall be taken between 
all representative mutually insulated points. Test values shall be in accordance with 3.6.2. 


IS 
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4.6.10 Humidity. Connector assemblies shall be tested in accordance with MIL-STD-202, 

Method 103, Condition B. At the conclusion of the humidity exposure, an Insulation Resistance 
test per 4.6 . • and a Dielectric Withstanding Voltage test per 4.6 .8 shall b® performed. 

4.8.11 Oxidation Test. The connectors shall be installed in the test chamber in such a manner 

that normal electrical operation is possible. The equipment shall be operated to determine ttat 
all parts are performing properly, and to observe any conditions that may constitute potential 
explosion hazards. The test chamber shall be sealed; a pressure of 5 pels shall be auteu.ueu 
fslntd frril wi«g 100 percent oxygen. The connectors shall be tested for compliance 

with 3. • while In the oxygen environment. 

4 .8.12 Altitude. The connectors carrying rated voltages and current shall be placed in a 
suitable chamber which can simulate an altitude of 70,000 feet. 

S. PREPARATION TOR DELIVERY. This section is not applicable to this specification, 
g. NOTES 

8.1 Intended Use. The assembly and installation of wrapnst contacts and lnsulators eovered by 
this jpsnjflnnHen am intended fer ae# In airborne electronic equipment. 

6.2 Definitions 

bsertss beerts shall be defined as either an insulator or grounding sleeve. 

Contacts t Contacts shall be either of a male of female configuration. 

Connector to Connector Assembly* For purposes of this specification, an assembly of contact. 
Insert, and hh*—**» g structure shall be regarded as a oonnector assembly. 

Aooeptanoe Testst Aoeeptanoe testa are those testa which check specific requirements to insure 
that the nonnertor meets the established parameters of the drawing. 

ProcM . control TwU: Proowi control touts are defined u thoee teats which sre performed 
to Insure that the process for assembling the connectors is capable of consistently producing 
connectors that can meet the requirements of the specification. 

Qualification Testa: Qualification testa are those testa which check the reliability and environ¬ 
mental requirements of the connector to assure that the parts will function properly in the system. 

NOTICE: When NASA drawings, specifications, or other data are used for any purpose other 
than in connection with a definitely related NASA procurement operation, the United States Govern¬ 
ment thereby incurs no responsibility nor any obligation whatsoever, and the tact that NASA may 
have formulated, furnished, or in any way supplied the said drawings, specification or other data 
is not to be regarded by implication or otherwise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights or permission to manufacture, use, or sell 
Shy patented invention that may be related thereto. 
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MALE CONTACT AND INSULATOR ASSEMBLY (CRIMP TYPE) 
TYPE C 

FIGURE 3 
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FOR GROUND SLEEVES ONLY 
MISALIGNMENT OF CONTACTS 

FIGURE 4 


IT 
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If 


FIGURE 6 
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Note Is Connectioika to be made at separate points on an uncoated surface. 

Note 2: Connection to be made using a two section simulated male pin which provides 
electrical isolation between the supply and voltmeter leads. 


GROUNDING PIN RESISTANCE MEASUREMENT 
FIGURE 7 


SO 



4 


APOLLO G6N Specification 
ND1002136 REV B 




APPENDIX I 


1. PURPOSE 

1.1 The purpose of this appendix Is to establish s repair procedure for the replacement of 
connectors damaged b eyon d functional useability as determined by supplier's Quality Control. 

l.S Replacement of insulator-contact assemblies 

1.2. 1 Remove damaged insulator-oontact assembly with suitable extraction tool approved by 
the supplier's Quality Control. 

1.2.2 Inspect hole for dimensions and damage. The hole must meet the requirements of the 
applicable drawing. This shall include touch-up as necessary to the protective coating. 

1.2. S Condition the insulator per S. 4.1 or precondition 1010956 insulator by submerging in 

distilled water for 24 hours, then remove from water and store in 60 percent ±15 percent R.H. 
chamber for a minimum of 48 hours in open container prior to installation at a temperature of 
25* ±5*C, and install the insulator-oontact assembly with suitable tool approved fay the supplier's 
Quality Control. s 

1.2.4 Inspect replaced connector for dimensional requirements per S. 3.4, for bent contact per 

3.4.2, for workmanship per 3.4.4, for contact insertion per 3.3.2 and for contact withdrawal 
per 3.3.3. For push-out load 5 samples shall be fabricated, for each type of connector assembly 
repaired, once each month or once every 1,060 pins repaired whichever comes first. The 
supplier's quality control group is responsible for this action for purposes of equipment i 
recalibration. 

1.3 Replacement of Ground Sleeve-contact assemblies 

1.3.1 Remove damaged grounding sleeve-contact assembly using suitable tooling approved by 
the supplier's Quality Control. 

1.3.2 Inspect hole for deformation. Deformation shall be defined as damage Which would prevent 
installation of a grounding sleeve-contact assembly from meeting requirements of this specifica¬ 
tion. Marring or indentations caused fay the knurled portion of the original grounding sleeve shall 
not be cause for rejection. 

1.3.3 Measure hole to determine size of ground sleeve required for replacement. Ground 
sleeve replacement must have a minimum interference fit with mounting hole of 0.0005. 

1.3.4 Install grounding sleeve-contact assembly using suitable tooling approved fay the supplier's 
Quality Control. 

1.3.5 Inspect assembled connector for dimensional requirements per 3.3.4, for bent contact 
per 3.4.2, for workmanship per 3.4.4, for contact insertion per 3.3.2 and for contact withdrawal 
per 3.3.3. 


SI 
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3.3.1.8 Type H, Same aa Type A. 

3.3.1.9 Bonding of Insulators. When cemented. Insulators shall be bonded to the mounting 
structure using ND1002187 Type 3, ND1002004 Type 1, or ND1002004 Type 6. 

3.3.3 Insertion Force of Mated Assembly * . 

3.3.2.1 Insertion Force of Type A, G and H. The insertion force required to fully engage 

a male contact insert assembly into a female connector assembly shall not exceed 15 ounces. 

3.3.2.2 Insertion Force of Type B, C, and F. The insertion force required to fully engage 

a male contact and insert assembly into a female connector assembly shall not exceed 10 ounces. 

3.3.3 Withdrawal Force of Mated Assembly 

3.3.3.1 Withdrawal Force of Type A, G, and H. The retention force of a fully engaged male 
contact and insert assembly mated with a female connector assembly shall be a minimum of 
4 ounces. 

3.3.3.2 Withdrawal Force of Type B and C. The retention force of a fully engaged male con¬ 
tact assembly mated with a female connector assembly insert shall be a m inimum of 3 ounces. 

3.3.3.3 Withdrawal Force of Type F. The retention force of a fully engaged test blade - 02 — 

061 i .0199 

thick and wide made of carbide-grade 55A with a surface finish mated with a female 

connector assembly insert shall be a minimum of 2 os. and a max of 10 os. 

3.3.4 Dimensional Requirements. Dimensions and tolerances of connector assemblies shall be 
in accordance with Figures 1, 2, 3, 4, and 5 as applicable. 

3.3.5 Contact Resistance, Mated 

3.3.5.1 Contact Resistance (Mated Connectors). The contact resistance of a mated pair 
be determined in accordance with 4.6.3. The mated contact resistance at specified test current 
shall meet the requirements of Table 1. 

TABLE I 


CONNECTOR TYPE 

HHS9SHH 


A, O, H 

B, C, F 

5 

3 

0.0025 max 

0.0025 max 


3.3.5.2 Dry Circuit Test for Mated Connector. Dry circuit tests of mated contacts shall be 
performed as specified in 4.6.4. 

3.3.6 Current Overload (Mated Connectors). The connector assemblies shall exhibit no deterio¬ 
ration that may in any way be detrimental to the operation of the connector when tested in 
accordance with 4.6.5. 

3.3.7 Ground Connector Assembly. The resistance between the contact and the mounting plate 
of a ground sleeve shall be 0.015 ohms maximum, when tested in accordance with 4.6.3.3. 
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SPECIFICATION FOR THE PROCUREMENT AND ASSEMBLY 
OF 

ELECTRICAL WRAPOST CONTACTS AND INSULATORS 

\ 


The purpose of this document is to establish the require¬ 
ments for the procurement and assembly of wrapost contacts and 
insulators for use in Apollo Guidance and Navigation Equipment. i 
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1. SCOPE 

1.1 SCOPE. This specification covers procurement and assembly require¬ 
ments for wrapost contacts and insulators comprised of male and/or female 
contacts, their respective insulators, and their mounting struc tures or 
metal insert plates. The wrapost contacts and insulators shall be here¬ 
inafter referred to as connectors or connector assemblies. 

1.2 CLASSIFICATION. Connector assemblies shall have two configurations: 

a. Those which are lined up on a 0.200 inch grid configuration, 
hereinafter referred to as Type A. 

b. Those which are lined up on a 0.125 inch grid configuration, 
hereinafter referred to as Type B. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of the issue in effect on the date of invitatJ 
for bids shall form a part of this specification to the extent specified 
herein. 

SPECIFICATIONS 

Federal 


QQ-M-31 Magnesium Alloy 

QQ-A-561 Aluminum Alloy 

Plate and Sheet, 1100 

Military 

MIL-M-3171 Anodic Coating for Magnesium 

and Magnesium Alloys 

MIL-A-8625 Anodic Coating for Aluminum and 

Aluminum Alloys 

MIL-E-17555 Electronic and' Electrical Equipment 

and Associated Repair Parts, Preparation 
for Delivery of 


Apollo G & N 
ND-1015404 


General Specification Configuration, Procesi 
and Quality Control Requirements for Supplii 
of High Reliability Articles for Use in Spa* 
craft and Supporting Equipment 
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PROCESS SPECIFICATION 


ETCHING OF TEFLON 


PROCESS SPECIFICATION 


ETCHING OF TEFLON 


The purpose of this document is to establish the requirements for etching Teflon parts 
used in APOLLO Guidance and Navigation equipment. 


1. SCOPE 

1.1 This specification establishes the requirements for the etching of Teflon. prior to adhesive 
bonding or potting. 

li iPPIiCABLB DOCUMENTS 

EFFECTIVE ISSUES. The following documents of the issue in effect on the date 
<d invitation for bids form a part of this specification to the extent specified herein. 

DRAWINGS 


Revision TDRR 
Letter No. 


Record of Revisions 


Pages 

Revised 


Approvals 
MIT I NASA 


* n/jJa _ 

MIT/IL APPROVAL DATE 


APOLLO GAN 


1010702 


PURIFICATIONS 


Etofcfeg Solution*. Teflon 


# National Aeronautics and Space Administration 


NPC 200-2 


NASA Quality Publication, Quality Program 
Provisions for Space System Contractors 


2.2 CONFLICTING REQUIREMENTS. 3i» the event of conflict between the requirement* 
of tm applicable dr airings, tide specification and other documents cited herein, resolution 
niuiit be i 4>talned from the MIT APOLLO Management Office via the purchaser. 


/jj.y /2-2-C3 
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to iii and 1 to 3 inclusive. 
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PROCESS SPECIFICATION 
BONDING OF SILICONE RUBBER 


t 


Record of Revisions 


The purpose of document is to establish the process requirements for the bonding of 
silicone rubber to itself aad to aluminum components of APOLLO Guidance and Navigation 


Equipment. 


This specification consists of page i 
to iii and 1 to 4 Inclusive. 
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10 March 196U 


PROCESS SPECIFICATION , 

BONDING OF SILICONE RUBBER 

' ' , . _ ; 

1. SCOPE v .? 

1.1 PURPOSE. This specification establishes the requirements for the bonding of 

silicone rubber to itself end to a himlm m. -K. 

2. APPUCABLE DOCUMENTS r 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date 
of invitation for bids form a part of this specification to the extent specified herein. 

SPECIFICATIONS * 

Military ;; ; ;•••■. ■. 

MIL-A-25457 * Adhesive, Air-Drying, Silicone Rubber 

DRAWINGS 

APOLLO GIN 

1010718 Primer, Adhesive, Air-Drying Silicone Rubber . 

PUBLICATIONS 

National Aeronautics and Space Administration 

NPC 200-2 NASA Quality Publication, Quality Program 

Provisions for Space System Contractors 
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PROCESS SPECIFICATION 
BONDING OF SILICONE RUBBER 


The purpose of this document is to establish the process requirements for the bonding of 
silicone rubber to itself and to aluminum components of APOLLO Guidance and Navigation 
Equipment. 
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APOLLO 

GAM SPECIF ICATDN 
ND 1002183 
IS August 1963 


DESCRIPTION AND REQUIREMENTS FOR PROCESS FOR CASTING 
WITH 2850FT EPOXY RESIN SYSTEM. 

1 , The purpose of this document is to establish the procedure for casting 
electronic components or assemblies with a low thermal expansion 
coefficient and low shrinkage epoxy resin system. This document is 
intended for use in the APOLLO Guidance and Navigation Equipment 
program. 


MIT INSTRUMENTATION LABORATORY 



MIT/IL 
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PROCESS SPECIFICATION 
ADHESIVE BONDING OF NON-RUBBER PARTS 


1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for adhesive bonding of 
non- rubbe r parts. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this specification 
shall be of the following types: 

a. Type I: Consisting of an epoxy resin and an activator covered by Drawing 1010561 
and Drawing 1010679, respectively, mixed in a 50-50 ratio. 

b. Type II: Consisting of an epoxy resin and an activator covered by Drawing 1010661 
and Drawing 1010679, respectively, mixed in a 35-65 ratio. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 

DRAWINGS 


APOLLO G&N 

1010661 Epoxy Resin 

1010679 Adhesive Activator 

PUBLICATIONS 

National Aeronautics and Space Administration 

Npc 200-2 NASA Quality Publication, Quality Program 

Provisions for Space System Contractors 
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PROCESS SPECIFICATION 
ADHESIVE BONDING OF NON-RUBBER PARTS 


1. SCOPE 

1.1 PURPOSE. This specification establishes the requirements for adhesive bonding of 
non- rubber parts. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this specification 
shall be of the following types: 

a. Type I: Consisting of an epoxy resin and an activator covered by Drawing 1010661 
and Drawing 1010679, respectively, mixed in a 50-50 ratio. 

b. Type II: Consisting of an epoxy resin and an activator covered by Drawing 1010661 
and Drawing 1010679, respectively, mixed in a 35-65 ratio. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 


DRAWINGS 

APOLLO G&N 

1010661 Epoxy Resin 

1010679 Adhesive Activator 

PUBLICATIONS 

National Aeronautics and Space Administration 


NPC 200-2 


NASA Quality Publication, Quality Program 
Provisions for Space System Contractors 
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3. REQUIREMENTS 

3.1 SURFACE PREPARATION 

3.1.1 Cleaning. Surfaces to be bonded shall be cleaned prior to bonding to eliminate grease, 
dirt, and any other deleterious contaminants which would adversely affect the application and 
performance of the adhesive. Surfaces shall be cleaned using chemical or mechanical methods 
as specified in drawing or order, or those which will not have a deleterious effect on the 
serviceability of the part or subsequent processing. 

3.1.2 Finishing . Contact surfaces shall be processed to remove excessive burrs, waves, or 
other surface imperfections which would adversely affect the serviceability of the bonded parts. 
Special surface preparation, such as metal priming, shall be performed as specified in the 
drawing or order. 

3.2 BONDING 

3.2.1 Mixing . The adhesives shall be mixed in the activator to adhesive mixing ratios 
specified in Table I. 

TABLE I 


ACTIVATOR-ADHESIVE MIXING RATIOS 


ADHESIVE 

RESIN PARTS BY 

ACTIVATOR 

TYPE 

WEIGHT (PBW) 

fPBWl 

Type I 

50±1 

50±1 

Type II 

35±1 

65±1 


3.2.2 Pot Life. The mixed adhesive shall be used within the pot life limits specified in Table 
II when a q uan tity of 20 grams, or less, is used except when the mixed adhesive is stored in 
a frozen state as specified in 3.2.2.1 (see 6.2). 


TABLE fi 
POT LIFE 


ADHESIVE 

TYPE 

POT LIFE 
(max, at 75°±2°F) 

Types I & II 

1 Hour 


3.2. 2.1 Frozen Storage. Type I and Type II adhesives may be stored in the frozen state, 
provided the following conditions are met: 

a. The adhesive shall be placed in small air-tight containers immediately after 
mixing and degassing. 

b. The size of containers to be used shall be determined by the quantity of adhesive 
normally used during the pot life specified in Table II. 


2 



3. REQUIREMENTS 
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3.1 SURFACE PREPARATION 

3.1.1 Cleaning. Surfaces to be bonded shall be cleaned prior to bonding to eliminate grease, 
dirt, and any other deleterious contaminants which would adversely affect the application and 
performance of the adhesive. Surfaces shall be cleaned using chemical or mechanical methods 
as specified in drawing or order, or those which will not have a deleterious effect on the 
serviceability of the part or subsequent processing. 

3.1.2 Finishing . Contact surfaces shall be processed to remove excessive burrs, waves, or 
other surface imperfections which would adversely affect the serviceability of the bonded parts. 
Special surface preparation, such as metal priming, shall be performed as specified in the 
drawing or order. 

3.2 BONDING 

3.2.1 Mixing . The adhesives shall be mixed in the activator to adhesive mixing ratios 
specified in Table I. 

TABLE I 


ACTIVATOR-ADHESIVE MIXING RATIOS 


ADHESIVE 

RESIN PARTS BY 

ACTIVATOR 

TYPE 

WEIGHT (PBW) 

(PBW) 

Type I 

50±1 j 

50±1 

Tvoe II 

35±1 

65±1 


3.2.2 Pot Life . The mixed adhesive shall be used within the pot life limits specified in Table 
II when a quantity of 20 grams, or less, is used except when the mixed adhesive is stored in 
a frozen state as specified in 3.2.2.1 (see 6.2). 


TABLE n 
POT LIFE 


ADHESIVE 

TYPE 

POT LIFE 
(max, at 75°±2°F) 

Tvpes I & II 

1 Hour 


3.2.2.1 Frozen Storage. Type I and Type II adhesives may be stored in the frozen state, 
provided the following conditions are met: 


a. The adhesive shall be placed in small air-tight containers immediately after 
mixing and degassing. 

b. The size of containers to be used shall be determined by the quantity of adhesive 
normally used during the pot life specified in Table n. 
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c. The containers shall be marked by means of a tag, label, or color code to indicate 
the date of mixing or expiration date, and to identify the adhesive. 

d. The closed containers with mixed adhesive shall be placed in a freezing compartment 
at a temperature of -40°F or lower. 

e. The frozen adhesive shall be warmed to room temperature before opening the container 
to prevent the condensation of moisture on the adhesive. 

f. The frozen adhesive shall be used within one month after the date of mixing and freezing. 
All frozen adhesive remaining after one month from the date of mixing shall be discarded. 

3 . 2 .3 Application. Unless otherwise specified in the drawing or order, the adhesive shall be 
applied in a thin, even film to both surfaces to be bonded. 

3.3 CURING. Unless otherwise specified in the drawing or order, the adhesive shall be cured 
in accordance with one of the curing schedules shown in Table HI. The bonded assemblies 
shall not be moved or disturbed before completion of the undisturbed cure time: the assemblies 
may be moved after this time but shall not be severely stressed until completion of the full cure 
time (see 6.3). Unless otherwise specified, ambient curing should be used: high temperature 
curing shall not be used for materials which would be detrimentally affected by high temperatures. 

table in 

CURING SCHEDULE 


ADHESIVE 

CURE TEMPERATURE 

CURE TIME 

pOND PRESSURE 

TYPE 

<°F> n 

Undisturbed 

Full 

(psi) 

Types I &II 

Ambient 

16 hr 

6 days 

Good Contact 

150° ±5°F 

120 min 

120 min 

Good Contact 


170° ±5°F 

90 min 

90 min 

Good Contact 


200 ° ±5°F 

45 min 

i 45 mih 

Good Contact 


3.4 APPEARANCE. Bonded assemblies shall show complete adhesion in the bonded areas; 
there shall be no flaws or indication of lack of adhesion in the bonded areas. All excess 
adhesive shall be removed from the edges of the bond except where such excess is permitted 
by the drawing or order. The parts shall not exhibit improper positioning or alignment. 

3.5 WORKMANSHIP. The process covered by this specification shall be performed in a 
manner consistent with quality standards and in accordance with the requirements of this 
specification. 
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c. The containers shall be marked by means of a tag, label, or color code to indicate 
the date of mixing or expiration date, and to identify the adhesive. 

d. The closed containers with mixed adhesive shall be placed in a freezing compartment 
at a temperature of -40°F or lower. 

e. The frozen adhesive shall be warmed to room temperature before opening the container 
to prevent the condensation of moisture on the adhesive. 

f. The frozen adhesive shall be used within one month after the date of mixing and freezing. 
All frozen adhesive remaining after one month from the date of mixing shall be discarded. 

3.2.3 Application. Unless otherwise specified in the drawing or order, the adhesive shall be 
applied in a thin, even film to both surfaces to be bonded. 

3.3 CURING. Unless otherwise specified in the drawing or order, the adhesive shall be cured 
in accordance with one of the curing schedules sho vn in Table HI. The bonded assemblies 
shall not be moved or disturbed before completion of the undisturbed cure time: the assemblies 
may be moved after this time but shall not be severely stressed until completion of the full cure 
time (see 6.3). Unless otherwise specified, ambient curing should be used; high temperature 
curing shall not be used for materials which would be detrimentally affected by high temperatures. 

TABLE IE , 


CURING SCHEDULE 


ADHESIVE 

CURE TEMPERATURE 

CURE TIME 

BOND PRESSURE 

TYPE 

<°F) 

Undisturbed 

Full 

o> sl ) . .. 

Types I &II 

Ambient 

16 hr 

6 days 

Good Contact 

150° ±5°F 

120 min 

120 min 

Good Contact 


170° ±5°F 

90 min 

90 min 

Good Contact 


200 ° ±5°F 

45 min 

45 min 

Good Contact 


3.4 APPEARANCE. Bonded assemblies shall show complete adhesion in the bonded areas; 
there shall be no flaws or indication of lack of adhesion in the bonded areas. All excess 
adhesive shall be removed from the edges of the bond except where such excess is permitted 
by the drawing or order. The parts shaU not exhibit improper positioning or alignment. 

3. 5 WORKMANSHIP. The process covered by this specification shall be performed in a 
manner consistent with quality standards and in accordance with the requirements of this 
specification. 
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The containers shall be marked by means of a tag, label, or color code to indicate 
the date of mixing or expiration date, and to identify the adhesive. 

The closed containers with mixed adhesive shall be placed in a freezing compartment 
at a temperature of -40 °F or lower. 

The frozen adhesive shall be warmed to room temperature before opening the container 
to prevent the condensation of moisture on the adhesive. 

The frozen adhesive shall be used within one month after the date of mixing and 
freezing. All frozen adhesive remaining after one month from the date of mixing 
shall be discarded. 

3.2.3 Application . Unless otherwise specified in the drawing or order, the adhesive shall be 
applied in a thin, even film to both surfaces to be bonded. 

3.3 CURING. Unless otherwise specified in the drawing or order, the adhesive shall be cured 
in accordance with one of the curing schedules shown in Table m. The bonded assemblies shall 
not be moved or disturbed before completion of the undisturbed cure time; the assemblies may 
be moved after this time but shall not be severely stressed until completion of the full cure time 
(see 6.3). Unless otherwise specified, ambient curing should be used; high temperature curing 
shall not be used for materials which would be detrimentally affected by high temperatures. 

TABLE m 


CURING SCHEDULE 


ADHESIVE 

TYPE 


CURE TIME 

nmmi 

Undisturbed 

Full 

Types I, 

Ambient 

16 hr 

6 days 

Good Contact 

n & m 

150° ±5°F 

120 min 

120 min 

Good Contact 


170* ±5 # F 

90 min 

90 min 

Good Contact 


200° ±5°F 

45 min 

45 min 

Good Contact 


135° ±5°F 

2-3/4 hr min 

2-3/4 hr min 

Good Contact 


180° ±5°F 

75 minutes, min 

75 minutes, min Good Contact 
_1_ 



3.4 APPEARANCE. Bonded assemblies shall show complete adhesion in the bonded areas; 
there shall be no flaws or indication of lack of adhesion in the bonded areas. All excess adhesive 
shall be removed from the edges of the bond except where such excess is permitted by the 
drawing or order. The parts shall not exhibit improper positioning or alignment. 

3.5 WORKMANSHIP. The process covered by this specification shall be performed in a manner 
consistent with quality standards and in accordance with the requirements of this specification! 
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PROCESS SPECIFICATION 
ADHESIVE BONDING OF NON-RUBBER PARTS 

1. SCOPE 

1.1 PURPOSE." This specification establishes the requirements for the adhesive bonding 
of non-rubber parts. 

1.2 CLASSIFICATION. The adhesives used in the process covered by this specification 
shall be of the following types: 

a . Type I: Consisting of an epoxy resin and an activator covered by Drawing 1010661 

and Drawing 1010679, respectively. 

2. APPLICABLE DOCUMENTS 

2 1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 

DRAWINGS 

APOLLO GW 

1010661 Epoxy Resin 

1010679 Adhesive Activator 

PUBLICATIONS 

National Aeronautics and Space Administration 

NPC 200-2 NASA Quality Publication, <*iality Program 

Provisions for Space System Contractors 
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3. REQUIREMENTS 

3.1 SURFACE PREPARATION 

3 1.1 Cleaning. Surfaces to be bonded shall be cleaned prior to bonding to eliminate 
irrease dirt.lmd any other deleterious contaminants which would adversely affect the 
application and performance of the adhesive. Surfaces shall be cleaned using ^micai 
or methods as specified in drawing or order, or those which will not have a 

deleterious effect on the serviceability of the part or subsequent processing. 

3 l 2 Finishing . Contact surfaces shall be processed to remove excessive burrs, umyes, 
or other surface imperfections which would adversely affect the serviceability of the bonded 
parts, "special sur£e preparation, such as metal priming, shall be performed as specified 
in the drawing or order. 


3.2 BONDING 

3.2.1 Mixing. The adhesives shall be mixed in the activator to adhesive mixing ratios 
specified in Table I. , 


TABLE I 

ACTIVATOR-ADHESIVE MIXING RATIOS 


ADHESIVE 

TYPE 

MIXING RATIO (pbw of activator to 

100 Dbw of adhesive) 

Type I 

1Q0±5 


3.2.2 Pot Life. The mixed adhesives shall be used within the pot life limits specified 

to Table II when a quantity of 10 grams, or less, is used (see 6.2). 


TABLE U 
POT LIFE 


ADHESIVE TYPE 

POT LIFE 
(maxj at 70*F) 

Type 1 

20 min 


1 
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3.2.3 Application. Unless otherwise specified in the drawing or order, the adhesive shall 
be applied in a thin, even film to both surfaces to be bonded. 

3.3 CURING. Unless otherwise specified in the drawing or order, the adhesive shall be 
cured in accordance with one of the curing schedules shown in Table ID. The bonded 
assemblies shall not be moved or disturbed before completion of the undisturbed cure time; 
the assemblies may be moved after this time but shall not be severely stressed until 
completion of the full cure time (see 6 .3). Unless otherwise specified, ambient curing should 
be used; high temperature curing shall not be used for materials which would be detrimentally 
affected by high temperatures. 


TABLE IU 
CURING SCHEDULE 


ADHESIVE 

TYPE 

CURE TEMPERATURE 
(°F) 

CURE TIME 

BOND PRESSURE 

(DSi) 

Undisturbed 

Full 

Type I 

Ambient 

15f ±5* F 

260* *s*r 

16 hr 

120 mia 

90 min 

45 min 

6 days 
120 min 
90 min 
45 min 

Good Contact 

Good Contact 

Good Contact 

Good Contact 


3 _ 4 APPEARANCE. Bonded assemblies shall show complete adhesion in the bonded areas; 
there shall be no flaws or indication of lack of adhesion in the bonded areas. All excess 
adhesive shall be removed from the edges of the bond except where such excess is per¬ 
mitted by the drawing or order. The parts shall not exhibit improper positioning or 
alignment. 

3.5 WORKMANSHIP. The process covered by this specification shall be performed in a 
manner consistent with quality standards and in accordance with the requirements of this 
specification. 
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INSERTION OF WIRE IN PIN-TYPE CONNECTORS 
FIGURE 2 


Bare wire must be visible 
through slot, but not as 
end of connector.-^. "" 
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INSERTION OF WIRE IN LUG-TYPE CONNECTORS 
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3.6.1.2 Power Crimping TooL The power crimping tool shall have the appropriate posi¬ 
tioner for the connection to be crimped installed and the tool adjusted and inspected in accord¬ 
ance with 4.2.2.2 prior to production use. Adjustment consists of the proper setting of the 
indent pressure and crimp depth with a plug gage and by adjusting the stop and jam nut or 
other controlling device on the crimping tool. ’The connecter to he crimped shall be. 
inserted and properly seated in the nest bushing of the tool. 

3.6.2 Assembly of Connections 

3.6.2.1 Pin-Type Connectors . Pin-type and similar connectors shall be assembled as 
follows* 

a. Remove any protective soored insulation left on stranded wire in an axial motion 
so as not to disturb the lay of the conductor strands. 

b. Insert the wire into the connector barrel, making sure all strands axe inserted; 
push the wire slowly so as not to kink or buckle the wire. Proper and complete 
insertion is evidenced by stoppage of the wire due to seating of the insulation in the 
receptacle or bottoming of the conductor in the barrel (see Figure 2). 

3.6.2.2 Lug. Grip or Dlsconnect-Type Terminals . Lug, grip or disoonnect-type and similar 
terminals shall be assembled as follows: 

a. Remove any scored insulation left on stranded wire (see 2.6.2.1. a). 

b. Insert the wire into the lug, making sure all strands are inserted; push the wire 
slowly so as not to kink or buckle the wire. Proper and complete insertion is 
evidenced by stoppage of the wire due to seating of the insulation in the collar or meeting 
of the insulation and the collar, as applicable, for the type of terminal used; or by the 
amount of conductor protruding past the oollar, as specified on the applicable drawing 
(see Figure 3). 

c. Place the assembled connection in the proper position in the crimping tool. 

3. 6.2. 3 Ferrule Terminations 

3.6.2.3.1 Single Conductor Shield Braid Termination and Grounding. Grounding sheath 
ferrules shall be assembled on shielded wire or coaxial cable as follows:-using either Method A orB 

Method A 

a. Strip the outer jacket and shielding of the amount specified on the applicable drawing 
using the method specified in 3.5.1.2. 

b. Place the outer ferrule over the outer jacket and slide it conveniently out of the way. 

c. Rotate the wire in a circular motion to flare the shielding to enable the inner ferrule 
to slip under the braid (see Figure 4a). 

d. Place the Inner ferrule over the conductor and slide it under the shielding until all 
but approximately 1/16 inch of the ferrule is beneath the shield; close the braid so 
that it is snug over the inner ferrule (see Figure 4b). 
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c. Insert the ground lead, when specified by the applicable drawing, under the ferrule 
skirt and over the shielding as shown in Figure 6c. The lead shall protrude slightly 
or shall be visible through the inspection hole in the ferrule skirt. 

d. When required, the ground lead may be inserted through the inspection hole in the 
ferrule skirt as shown in Figure 6cL 

e. Place the assembled termination in the proper position in the crimping tool. 

S. 6.2.4 Improved BNC Series Connectors and Connectors for Miniature Coaxial Cable . The 
assembly of improved BNC series connectors and connectors for miniature coaxial cable 
shall be in accordance with Specification ND1002032. 

3.6.3 Crimping 

0 

3.6.3.1 Hand Crimping Tools. After the wire has been inserted in tie oonneoter er -»r 
when other assembled connections have been properly placed in the tool, the handles of the 
tool shall be squeezed together to close the jaws of the tools complete closure of the jaws will 
crimp the connection properly; complete closure is indicated by an audible "click*', release 
of the jaws by a ratchet control or spring assembly, a handle stop, or release of handle 
tension, as applicable, depending on the type of hand crimping tool used. Upon completion 
of crimping, the handles of the tool shall then be released and allowed to return to the normal 
or starting position. Failure of the jaws to close completely indicates incomplete crimping; 
the handles shall again be squeezed to cause the jaws to close. If the connection is not properly 
crimped after the second closure attempt, the crimping operation shall be repeated using a new 
connector. 

3. 6.3.2 Power Crimping Tools . After the connection has been properly seated as specified 
in 3.6.3.1, the handle of the power crimping tool shall be depressed to actuate the power 
mechanism. The tool will automatically crimp the connection and release the jaws of the 
crimping device. 

3. 7 INSPECTION. Upon completion of crimping, the crimped connection shall be visually 
inspected, ft discrepancies exist as specified in 4.3.1.1, the wire shall be cut immediately 
behind the connector and the stripping and crimping procedures repeated using a new 
connector. 

3.6 FINISHING. Upon completion of inspection, and when specified by the applicable 
drawing, the crimped connections shall be covered with insulation sleeving, as specified, 
and processed according to approved methods for the type of insulation used. 

3.9 WORKMANSHIP. The crimping processes covered by this specification, including 
related conductor preparation shall be accomplished in accordance with the requirements 
of this specification. Final or acceptance inspection of finished, crimped connections 
shall reveal no evidence of misuse of tools, improper crimping techniques or physical 
damage to the connection. 
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4.2.2 Inspection. In addition to qualification, the equipment used in the process covered 
by this specification shall be inspected prior to and during production to assure conformance 
to the applicable requirements of this specification. 

4.2.2.1 Insulation Strippers 

4.2.2.1.1 Thermal Stripper. Each thermal stripper to be used for production shall be 
checked at the start of each production day, whenever the stripper setting is changed, and 
whenever discrepancies are noted. Five samples of stripped wire shall be submitted to 
the quality assurance or control agency inspector for approval in accordance with the 
requirements of this specification (see 3.5.1). 

4.2.2.1.2 Mechanical Stripper . Each mechanical stripper shall be requalified every 30 
days or prior to use in the event of one of the following: 

a. The stripper is physically damaged. 

b. Wire processed by the stripper does not meet the requirements for stripped wire in 
accordance with this specification. 

4.2.2.2 Crimping Tools. All crimping tools shall be inspected on a daily use basis or 
prior to each production run, whichever occurs most frequently, by the supplier's quality 
assurance or control agency. The tool indentors, dies or jaws shall be inspected for wear, 
proper alignment, fit and operation and the tool examined for functional and physical damage. 
Every 90 working days, or more often as deemed necessary by the supplier's quality assurance 
or eontrol agency, each tool used at any time during the period shall be requalified in accord¬ 
ance with the provisions of 4.2.1.2.2. Tools which meet or can be adjusted to meet the 
minimum requirements of these provisions shall be sealed by the inspector wherever possible 
to prevent unauthorized adjustment by assembly personnel. Tools not meeting the require¬ 
ments of this specification shall not be used in the process covered by this specification. 

4.3 INSPECTION OF CRIMPED CONNECTIONS 

4.3.1 Visual Examination . Each crimped connection shall be subjected to visual examination 
under a minimum of 3-power magnification to determine conformance to the requirements of 
this specification. 

4.3.1.1 Inspection Criteria . The following criteria shall be used as the basis for acceptance 
or rejection of crimped connections. 

4.3.1.1.1 Improper Stripping of Insulation. Rejection of crimped connections due to improper 
stripping of wire and cable insulation shall be based on the criteria specified in Figure 1. 

4.3.1.1.2 Improper Connection Assembly. Crimped connections shall show no discrepancies 
such as stray wire strands, insufficient insertion of conductors, improper insulation clearances, 
a misaligned conductor, due to improper connection assembly (see Figure 7). 
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CRIMPING OF SOLDERLESS CONNECTIONS 


The purpose of this document is to establish the minimum requirements for process 
control and fabrication of crimped, solderless connections used in APOLLO Guidance 
and Navigation Equipment* 
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Revision TDRR 
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1. SCOPE 

L1 PURPOSE. This specification establishes the minimum requirements for the 
crimping of solderless connectors such as connector pins and socket oontacts, terminal 
lugs, splices, ferrules, taper pins, terminal pins, and coaxial connectors. This 
document also establishes the minimum process control requirements for the crimping 
process covered by this specification. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to the extent specified herein. 
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PREPARATION OF MATERIAL SURFACES PRIOR TO AND THE 
APPLICATION OF AN ANAEROBIC SINGLE COMPONENT SEALING 
COMPOUND 

SCOPE 

This specification outlines the procedure for preparing the 
material surfaces listed hereunder, prior to application of 
an anaerobic sealing compound, to assure that the threads or 
parts are properly secured: 

Stainless Steel 
Beryllium 
Aluminum 
Brass 

USAGE 

Certain material surfaces have to be specially prepared prior 
to use of the sealing compound because the normal operating 
procedure, as specified by the compound manufacturer, is 
inadequate for optimum properties. This specification is 
concerned with the processing required prior to application for 
joining stainless steel, beryllium, aluminum, or brass. Also the 
processing required for joining beryllium to aluminum, or brass and 
aluminum to aluminum, or brass. 

APPLICABLE DOCUMENTS 
SPECIFICATIONS. 

MIL-S -22473 Sealing compounds, retaining, single component, anaerobic. 
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5 . PREPARATION OF BERYLLIUM SURFACE 

5.1 SURFACE PREPARATION 

Clean surfaces thoroughly with fluorocarbon solvent to ensure 
complete removal of oil, grease, dirt, etc. 

6. PREPARATION OF ALUMINUM OR BRASS SURFACES 


6.1 


7. 


7.1 


SURFACE PREPARATION 

(1) Clean as in 4.2.1. 

(2) Immerse parts in surface activating solution for 
five minutes minimum. 

(3) Remove parts from surface activating solution and air 
dry. 

(4) Wet surface of male parts with applicable grade of 
sealing compound per MIL-S-22473 by brushing, 
dipping, tumbling, etc. Use of applicator nozzle 
furnished with container is recommended. 

JOINING STAINLESS STEEL PARTS TO ST AINLESS STEEL^ 
ALUMINUM. BERYLLIUM OR BRASS. 

CHECKING MALE PART 

Check male part for presence of sealing compound. After joining 
parts, the presence of a sufficient amount of sealing compound is 
indicated by a ring of liquid around the screw thread of the male 
part where it enters the mating part. 


7.2 


HEATING 

Heat the joined parte according to one of the following alternative 
procedures: 


10 min - 200*F. or 

2 hrs. - 140*F. or 

3 hrs. - 120*F. 
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5 . PREPARATION OF BERYLLIUM SURFACE 

5.1 SURFACE PREPARATION 

Clean surfaces thoroughly with fluorocarbon solvent to ensure 
complete removal of oil, grease, dirt, etc. 

6. PREPARATION OF ALUMINUM OR BRASS SURFACES 

6.1 SURFACE PREPARATION 
Clean as in 4.2.1. 

Immerse parts in surface activating solution for 
five minutes minimum. 

Remove parts from surface activating solution and air 
dry. 

Wet surface of male parts with applicable grade of 
sealing compound per MIL-S-22473 by brushing, 
dipping, tumbling, etc. Use of applicator nozzle 
furnished with container is recommended. 

7. JOINING STAINLESS STEEL PARTS TO STAINLESS STEEL^ 

ALUMINUM. BERYLLIUM OR BRASS. 

7.1 CHECKING MALE PART 

Check male part for presence of sealing compound. After joining 
parts, the presence of a sufficient amount of sealing compound is 
indicated by a ring of liquid around the screw thread of the male 
part where it enters the mating part. 

7.2 HEATING 

Heat the joined parts according to one of the following alternative 
procedures: 

10 min - 200 # F. or 

2 hrs. - 140*F. or 

3 hrs. - 120*F. 


( 1 ) 

( 2 ) 

(3) 

(4) 


3 . 
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7.2.1 LOCKING STRENGTH 

Hie average locking strength shall not be less than the minimum 
value specified in MIL-S-22473 for the grade used. 

g # JOINING ALUMINUM OR BERYLLIUM PARTS TO ALUMINUM, BE RYLLIUM, 

OR BRASS . 

8.1 CHECKING MALE PART 

Check male part for presence of sealing compound per 

MIL-S-22473. After joining parts the presence of a sufficient 
amount of sealing compound is indicated by a ring of liquid 
around the screw thread of the male part where it enters 
the mating part. 

8.3 CURING 

Cure the joined parts according to one of the following 
alternate procedures: 

10 min - 200*F. or 

2 hrs. - 140*F. or 

3 hr#. - 120* F. or 
8 hrs. — 75*F. 

8.3.1 LOCKING STRENGTH 

Hie average locking strength shall be not less than the 
minimum value specified in MIL—S-22473A. 

9. DISASSEMBLY AND REUSE OF TREATED PARTS 

9.1 TREATED PARTS 

Treated parts may be disengaged by back-off torquing in 
excess of the maximum load specified for the particular 
grade of sealing oompound chosen. 

9. 1.1 SEALANT ON PARTS 

If allowable, the sealant on parts that are engaged too tightly 
may be softened by the application of heat, such as by means 
of a soldering iron. 
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PREPARATION OF MATERIAL SURFACES PRIOR TO AND THE 
APPLICATION OF AN ANAEROBIC SINGLE COMPONENT SEALING 
COMPOUND 

SCOPE 

Thin specification outlines the procedure for preparing the 
material surfaces listed hereunder, prior to application of 
an anaerobic sealing compound, to assure that the threads or 
parts are properly secured: 

Stainless Steel 

Beryllium 

Alluminum 


USAGE 

Certain material surfaces hare to be specially prepared prior 
to use of the sealing compound because the normal operating 
procedure, as specified by the compound manufacturer, is 
inadequate for optimum properties. This specification is 
concerned with the processing required prior to application for 
Joining stainless steel to either stainless stall, beryllium or aluminum. 
Also the processing required for joining beryllium to aluminum 
and aluminum to aluminum. 

APPLICABLE DOCUMENTS 
SPECIFICATIONS. 


MIL-S-22473 Sealing compounds, retaining, single component, anaerobic. 
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GENERAL SPECIFICATION 
FOR 

PRESERVATION, PACKAGING, PACKING AND CONTAINER MARKING OF 
APOLLO GUIDANCE AND NAVIGATION 
MAJOR ASSEMBLIES, ASSEMBLIES, SUBASSEMBLIES, PARTS AND 
ASSOCIATED GROUND SUPPORT EQUIPMENT 


1. SCOPE 

1 PURPOSE. This specification establishes the levels and methods of perservation, 
packaging and packing, and the marking of containers to be used by the suppliers (6.2.3) 
for shipment and storage of APOLLO Guidance and Navigation Major Assemblies, Assemblies, 
Subassemblies, Parts and Associated Ground Support Equipment.that do not have GFE shipping 
containers indicated for them in the appendices. 

21 applicable documents 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
this specification form a part of this specification to the extent specified herein. 

SPECIFICATIONS 

Federal 

Boxes, Folding, Paperboard 
Boxes, Fiberboard 

Boxes: Paperboard, Metal Stayed (including Stay Material) 
Boxes, Set-Up, Paperboard 


Preservation, Methods of 

Parts and Equipment, Procedures for Packaging of 

Missile Components; Liquid Oxygen, Liquid Nitrogen, 
Gaseous Oxygen, Gaseous Nitrogen, Instrument Air, 
Helium and Fuel Handling 8ystems; Cleaning and Packaging 
for Delivery 


PPP-B-566 

PPP-B-636 

PPP-B-665 

PPP-B-676 

Military 

MIL-P-116 
MIL-P-7936 
MIL-M-9950 
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3. REQUIREMENTS 

3.1 PRESERVATION AND PACKAGING (SEE 6. 2.2.) 

3. X. 1 Selection of Level. Unless otherwise specified in the contract or order, the level 
of preservation and packaging shall be as stated in the following. 

a. Level B preservation and packaging shall be used for all spares and flight hardware 
systems and for items to be stored for periods not exceeding 180 days. 

b. Level C preservation and packaging shall be used for ground support equipment 
and for items intended for immediate use. • 

3.1.2 Methods of Preservation and Packaging 

3.1.2.1 Selection of Method. Hie level of preservation and packaging determined in 3.1.1 
and the item nomenclature shall be used to select the appropriate method of preservation 
and packaging from Appendix I for AC Spark Plug Electronics Div. of GM, Appendix II for 
Kollsman Instrument Corp., and Appendix in for Raytheon Mfg. Co. When Level B preser¬ 
vation and packaging is selected for an item not listed in the suppliers applicable 

the method of preservation shall be selected from Table I of Specification MIL-E-17555 or 
may be upgraded at the discretion of the supplier. When Level C is selected for an item 
not listed in the suppliers applicable appendix, the method of preservation shall be at the 
discretion of the supplier. 

3.1.2.2 Submethods. Unless otherwise specified in the contract or purchase order, the 
submethod of preservation and packaging shall be at the discretion of the supplier. 

3.1.2.3 Method Accomplishment. Hie method of preservation shall be accomplished in 
accordance with the applicable requirement of Specification MIL-P-116 and in addition, all 
items whose longest dimension la 3 ft or less shall have a contamination barrier per 
Specification MIL-M-9950, paragraphs 3.3, titled Preservation, and shall be capable of 
being opened and resealed at least 5 times, with the exception of the IMU. In addition, all 
connectors shall be fitted with covers capable of preventing pin damage and keeping the 
connector free from contamination. 

3* X. 2.4 Cleaning. Items shall be cleaned prior to packaging or the application of preser¬ 
vatives in accordance with the applicable procedures of Specification MIL-P-116. 

3« 1* 3 (friantlty Per Unit Package (QUP). Hie quantity per unit package (see 6.2.5) shall 
be determined by the suppliers established methods or in the event that a QUP has not been 
established, by the method described in 3.1.3.1. 

3.1.3.1 Method of QUP Determination. Hie QUP shall be based on the cost, weight, anrf 
cubic displacement of the item. Items listed in Appendix I, those costing $1.00 or more, 
irregularly shaped items, or items of a delicate or fragile nature that do not lend themselves 
to multiple packs shall have a QUP of 1 each, except when items are furnished in pairs, sets, 
etc., the QUP shall be one pair, one set, etc., as applicable. Hie QUP for items not specified 
in Appendix I, n, or m shall be calculated from the information contained in Table I. 
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Nomenclature 

APPENDK H 
Applicable Method of 
Specification 
MIL-P-116 

l 

Level B 

Level C 

A. Command Module (CM) 



Optical Unit Assembly 

IA 


Map and Data Viewer 

IA 


All OUA and M&DV 

Assemblies, Subassemblies, 
spares, and component parts 

IA 


B. Lunar Excursion Module^(LEM) 


• 

Alignment Optical Telescope 

IA 


All AOT assemblies, sub- 
assemblies, spares, and 
component parts 

IA 


C. Ground Support Equipment 



Alignment Mirror Assy 


IA 

Alignment Mirror Certifica¬ 
tion Fixture 


IA 


Special 

Remarks 


Use container 

1019720, OUA Lens 
Covers, and OUA 
Connector Covers 

Use container 1019721 


Use container 6014000. 
AOT Lens covers, AOT 
connector cover, and 
AOT Gas Injection 
Valve Assembly 


Use container 
1019728 (collimator 
1017412 in own case) 
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APPENDIX II 



B. Nap and Data Viewer 


Module, Amplifier 
Motor, Generator 
Motor, Servo 
Mirror, Large 
Mirror, Small 
View, Screen 

Shipping/Storage Container 
(Only) 

M and DV Spare Component 
Parts and Subassemblies 
not listed above 


Special 

Remarks 


Shipping/ 
Storage Use 
Container 
#1019721 
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APPEHDIX II 



Ground Support Equipment 
Adjustable Mirror 


Adjustable Mirror Assembly 
Autoeollimatora 


Autocollimator Plates 
Azimuth Reference Pixture 
Functional Tester 
GAM Install* Qual. Fixture 
MDV Tester 

Precision Test Fixture 
Shaft Accuracy Tester 
Short Periscope 
Theodolites 


Tooling Bar 

Variable Deviation Wedge 


Short Periscope Asa'y Fixture 

GSE Spare Component Parts 
and Subassemblies 


Special 

Remarks 


Use vendor 

supplied 

shipping 


Use vendor 

supplied 

shipping 


Use vendor 

supplied 

shipping 


Use vendor 

supplied 

shipping 
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APPENDIX III 


The information required to complete thie appendix shall be furnished by Raytheon 
Company. 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 


Level B 

Level C 

AC Input Panel 

IA 



Antenna Installation Kit 

IA 



Bracket, Painted, Plated or other 

III 



Protective Finish 




1 

Cabinet, Electrical Equipment, Complete 


III 


Cable, Cord or Wire Assembly 

IA 



Calibrator, Frequency 

IA 



Capacitor 

IA 



Circuit Breaker and Circuit Breaker Assembly 

IA 



Clamp, Cable 

III 



Clock Module 

IA 



Coil, RF 

IA 

; 


1 Computer, Apollo Guidance 

II* 


* Ship in GFE 

container 1006230 

Computer Simulator 


III 


Computer Test Set 


III 


Containers, Shipping, Empty 


| III 


Control and Interface Panel 

IA 



Cooling Unit 

IA 

i 

j 


Counter, Electrical or Mechanical 

IA 

1 


Counter, Frequency 

IA 

j 


Coupling, Quick Disconnect 

IA 

j 


Current Switch Module 

IA 



Decode Module 

j 

i ia 



Digital Recorder 

I IA 

! 


Digital to Analog Module / 

j IA 



Diode Module 

IA 



Driver Service Module 

IA 

i 


Dummy Load 

IA 

| 

J_ 
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APPENDIX III (Continued) 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 

Electroluminescent Digital Display Indicator 

IA 



Erasable Driver Module 

IA 



Pen, Exhaust, Ventilating, Etc. 

IA 



Field Welding Station 


III 


Filter, Air 

III 



Filter, RF 

IA 



Flange 

III 



Flasher, Electronic Relay Type 

IA 



Fuse 

III 



Gasket, Teflon, Rubber or Neoprene, Cork, Felt, Etc 

III* 


* Adequate protec- 




tIon against 




deformation 

Gated Flip Flop Module 

IA 



Hardware, Coamon 

III 



Hardware, Peculiar 

IC 



Hose Assembly 

III* 


* Seal or plug 




openings to pre¬ 




vent entrance of 


i 

anisture, dirt or 




foreign matter 

Indicator 

IA 



Indicator (Register 1,2,3) 

IA 



1 Indicator (Verb-Noun) 

IA 



Interface Couple Module 

IA 



Interface Module 

IA 



Interface Receiver Module 

IA 


| 

| 

{ 
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APPENDIX III (Continued) 


Nomenclature 

Applicable Method 
of Specificatloq 
MIL-P-116 

Special 

Remarks 



Jack, Tip 

IA 



Keyboard Module 

IA 



Knob 

III 



L«P. Incandescent, Pilot Indicator, Neon, Etc. 

III 



Logic Module Assembly 

IA 



Main Display and Keyboard 

II* 


* Ship in GPE 




container 1006229 

Meter, All Types, Sealed 

III 



Meter, All Types, Unsealed 

IA 



Micrologic 

IC 



Motors 

IA 



Navigation Display and Keyboard 

II* 


* Ship in GPE 




container 1006231 

Nor Module 

IA 



Operational Console (Less DSKYs and Computer) 


III 


Oscillator Module 

IA 



Oscillator, RF, Sealed 

IA 



Oscilloscope 

IA 



Power Supply 1 

IA 



Power Supply Control Module 

IA 



Power Switch Module 

/ 

IA 
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APPENDIX III (Continued) 



Applicable Method 


Nomenclature 

of Specification 
MIL-P-116 

Special 

Remarke 


Level B 

Level C 


Receiver, Phase Comparator 

IA 



Relay 

IA 



Relay Bank Module 

IA 



Reaiator, Fixed 

IA 



Reelator Module 

IA 



Reaiator, Var. 

IA 



Ring, Retaining 

III 



Rope Driver Module 

IA 



Rope MeoK>ry Module 

IA 



Rope Senae Amplifier Module 

IA 



Rope Strand Gate Module 

IA 



Rope Strand Select Module 

IA 


1 

Semiconductor Devicea 

IC* 


* Senlconductora 




which nay be 
damaged by electro 
magnetic or 
electroetatlc 
effecta ahall be 
Individually and 
completely enc- 
loaed In a non¬ 
magnetic elec¬ 




trical conducting 
material, auch aa 




lead or aluminum 

Simulation Computer 

Socket, Cryetal, Electron Tube, Coll, Etc. 

IA 

III 

foil. 

Spring, Ferroua 

Spring, Nonferroua 

Switch, Rotary, Toggle, Knife, Push, Preaaure and 

IA 

III 



Wafer , 

IA 
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Nomenclature 


Tape Punch Assembly 
Tape Reeder Assembly 
Terminal, Feedthru, Standoff 
Tool, Extracting 
Transistors 


Transformer, Open (Not Seeled) 
Transformer, Sealed 
Transformer, Driver Module 


APOLLO GAN Specification 
ND1002214 


Applicable Method 
of Specification 


MIL-P-116 


Level B 


Level C 


Special 

Remarks 


1A 

IA 

1A 

III 

IC* 


* Transistors which 
may be damaged by 
electromagnetic or 
electrostatic 
effects shall be 
individually and 
completely enc¬ 
losed in a non¬ 
magnetic electrical 
conducting material 
such as lead or 
alusdnum foil. 


IA 

III 

IA 
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APPENDIX III (Continued) 


Nomenclature 


Applicable Method 
of Specification 


MIL-P-116 


Level B 


Level C 


Special 

Remarks 


Tape Punch Assembly 
Tape Reader Assembly 
Terminal, Feedthru. Standoff 
Tool, Extracting 
Transistors 


IA 

IA 

IA 

III 

IC* 


Transistors which 
may be damaged by 
electromagnetic or 
electrostatic 
effects shall be 
individually and 
completely enc¬ 
losed in a non¬ 
magnetic electrical 
conducting materia] 
such as lead or 
aluminum foil. 


Transformer, Open (Not Sealed) 
Transformer, Sealed 
Transformer, Driver Module 


IA 

III 

IA 






Hooord of Rorlilono 



Thio tpoelfloailon oonclats of po§o ft 
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3. REQUIREMENTS 

3.1 PRESERVATION AND PACKAGING (SEE 6.2.2.) 

3.1.1 Selection of Level. Unless otherwise specified in the contract or order, the level 
of preservation and packaging shall be as stated in the following. 

a. Level B preservation and packaging shall be used for all spares and flight hardware 
systems and for items to be stored for periods not exceeding 180 days. 

b. Level C preservation and packaging shall be used for ground support equipment 
and for items intended for immediate use. 

3.1.2 Methods of Preservation and Packaging 

3.1.2.1 Selection of Method. Hie level of preservation and packaging determined in 3.1.1 
and the item nomenclature shall be used to select the appropriate method of preservation 
and packaging from Appendix I for AC Electronics Division of GM* Appendix II for j : i 
Kollsman Instrument Corp., and Appendix m for Raytheon Mfg. Co. When Level B preser¬ 
vation and packaging is selected for an item not listed in the suppliers applicable appendix, 
the method of preservation shall be selected from Table I of Specification MIL-E-17555 or 
may be upgraded at the discretion of the supplier. When Level C is selected for an item 

not listed in the suppliers applicable appendix, the method of preservation shall be at the 
discretion of the supplier. 

3.1.2.2 Submethods. Unless otherwise specified in the contract or purchase order, the 
submethod of preservation and packaging shall be at the discretion of the supplier. 

3.1.2.3 Method Accomplishment. Hie method of preservation shall be accomplished in 
accordance with the applicable requirement of Specification MIL-P-116 and in addition, all 
items whose longest dimension hi 3 ft or less shall have a contamination barrier per 
Specification MIL-M-9950, paragraphs 3.3, titled Preservation, and shall be capable of 
being opened and resealed at least 5 times, with the exception of the IMU. In addition, all 
conneotors shall be fitted with covers capable of preventing pin damage and keeping the 
connector free from contamination. ^ , v 

3.1.2.4 Cleaning. Items shall be cleaned prior to packaging or the application of preser¬ 
vatives in accordance with the applicable procedures of Specification MIL-P-116. 

3.1.3 Quantity Per Unit Package (QUP). The quantity per unit package (see 6.2.5) shall 
be determined by the suppliers established methods or in the event that a QUP has not been 
established, by the method described in 3.1.3.1. 

3.1.3.1 Me.nod of QUP Determination. The QUP shall be based on the cost, weight, and 
cubic displacement of the item. Items listed in Appendix I, those costing $1.00 or more, 
irregularly shaped items, or items of a delicate or fragile nature that do not lend themselves 
to multiple packs shall have a QUP of 1 each, except when items are furnished in pairs, sets, 
etc., the QUP shall be one pair, one set, etc., as applicable. The QUP for items not specified 
in Appendix I, II, or m shall be calculated from the information contained in Table L 
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a. Postal Regulations 

b. Interstate Commerce Commission Regulations 

c. Civil Air Regulation Rules 

d. Consolidated Freight Classification Rules 

e. Truckers' Association Rules 

f. Other applicable carrier rules 


3.3 MARKING. Markings shall be consistent with the container size and shall be located 
to provide easy identification of the container contents when the container is stored or stacked. 
The marking shall be in a position where they shall not be destroyed or damaged when the 
container is opened or until the contents have been used. 

3.3.1 Unit and Intermediate Container Marking . The following information shall be marked 
on each unit and intermediate container: 

a. NASA drawing number - 

b. Item nomenclature (short form) 

o. Quantity contained in package and unit of issue 

d. Level of preservation and packaging and the date packaged 

e. Suppliers name 

f. Lot or Serial Number (as applicable) 

g. Contract number 

h. Equipment Shelf Life (See 6.2.10): The recommended reinspection date shall be 
marked on each container as follows: 

” REINSPECT.(month/year)." 

3.3.2 Shipping Container Marking. In addition to the marking specified in 3.3.1, each 
shipping container shall be marked with the following information: 

a. Level of packing (added to d of 3.3.1) 

b. Appropriate destination markings as: 

FROM: (Name of Supplier) 

(Address of Supplier) 

TO: (Name of Consignee) 

Address of Consignee) 

c. Any shipping control numbers deemed by the supplier. 

3.3.3 Special Marking . 8pecial markings on all unit, intermediate, and shipping containers 
shall be as deemed necessary by the supplier. The following are examples of conditions for 
which special markings may be used. 
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4.5 ACCEPTANCE TEST3. Acceptance testa shall be the tests of 4.6.1 and 4.6.2. These 
tests shall be performed on complete packs submitted for acceptance as stated in 4.4. 

4.6 TEST METHODS 

4.6.1 Examination of Product . The packages shall be examined to determine compliance 
with the applicable requirements of Section 3 of this specification. 

4.6.2 Cleaning. Preservation, and Unit Protection Process Tests . Tests of cleaning, 
preservation, and unit protection processes shall be performed in accordance with the 
applicable tests of Specification MIL-P-116, for the method of preservation selected in 3.1. 

4.6.3 Vacuum Retention Test . The flexible barrier enclosing an item shall be sealed, except 
for an opening in the seam at one corner to accomodate a tube or pipe which is connected to 
the vacuum producing apparatus (aspirator or vacuum pump). A sufficient vacuum shall be 
drawn to cause the flexible barrier to cling snugly to the enclosed item. Care shall be exer¬ 
cised to insure that an excessive amount of vacuum, which might cause puncture or rupture 

of the barrier, is not applied. Without releasing the vacuum, the final opening in the barrier 
shall be sealed. The barrier enclosed package shall remain undisturbed at room temperature 
for 4 hours. The package shall then be examined to determine that no degradation of original 
tautness exists. 

4.6.4 Rough Handling Tests . The rough handling tests for Level B packs shall be in accordance 
with Specification MIL-P-7830. 

4.7 REJECTION AND RETEST. Rejected lots may be reoffered for examination and testing 
providing the supplier certifies that the rejected lot has been reworked by 100 percent screening, 
and that all nonconforming items have been removed. A report concerning the previous rejection 
and action taken to correct the defects shall accompany each resubmitted lot. 

5. PREPARATION FOR DELIVERY. This section is not applicable to this specification. 

6. NOTE3 

6.1 INTENDED USE. This specification is intended to be used as direct reference for 
establishing design requirements of APOLLO preservation, packaging, packing, flnntutn^r 
marking. 

6.2 DE FINITION8. For the purpose of fids specification fits following definitions shall apply. 

6.2.1 Special Concept . A package shall be regarded as special concept when the supplier 
uses materials, procedures, or containers which either do not conform to any 
specification or standard, or are modifications of existing specifications or standards, or 
conform to a performance specification but include special features such as thermal insulation, 
combined materials handling and packaging capability, unique shock absorbing system, etc. 

Other factors of special design to be considered because of mumifl characteristics include but 
are not limited to, unusual size, weignt, or weignt distribution; requirements for protection to 
a specifically stated value of acceleration; requirement for controlled shipping and storage 
temperatures or pressures; requirement for protection against restrictive or corrosive 
atmospheres. 
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6.2.2 Preservation and Packaging . Application or use of adequate protective measures to 
prevent deterioration from environmental and physical hazards. This shall include, as applicable, 
the use of appropriate cleaning and drying methods, preservatives, protective wrappings, cushion¬ 
ing, interior containers and complete identification marking, up to but not including the exterior 
container except when the unit container is also the shipping container. 

6.2.3 Supplier . The supplier shall be AC Electronics Division of General Motors, Kollsman 
Instrument Corp., or Raytheon Mfg. Co. 

6.2.4 Items . Items shall include major assemblies, assemblies, subassemblies, or parts 

as applicable. Items shall be defined as any assembly, subassembly or part to which preserva¬ 
tion, packaging, or packing is applied. 

6.2.5 Unit Package. The first tie, wrap, or container, applied to a single item or a multiple 
thereof, or a group of items of a single stock number preserved or unpreserved, which involves 
a complete or Identifiable package suitable for packing inside a shipping container, or items not 
held by a tie, wrap or container, preserved or unpreserved, that are individually identified and 
placed directly into an intermediate package or exterior shipping container. 

6.2.6 Intermediate Container. The intermediate container is an interior container which 
contains two or more unit packages of identical items. 

6.2.7 Packing . Packing includes the insertion of unit or intermediate packages or unpackaged 
material into a shipping container and the application, when required, of bracing, blocking, 
cushioning and waterproof barriers to provide adequate protection during shipment and handling. 
Packing is completed with the final closure, strapping and marking of the shipping containers. 

6.2.8 Prototype Pack . For the purpose of this specification, a prototype pack shall be a 
pack identical to that intended as a production item, but tested to insure its capabilities prior 
to production packing. 

6.2.9 Lot. For purposes of this specification, a lot shall consist of all packs of the same 
style, size, and type that are intended for use with the same end items, manufactured under 
the same conditions with identical materials, and submitted for acceptance at one time. 

6.2.10 Equipment Shelf Life. The equipment shelf life date shall be the date of the first 
recommended inspection or test and shall not be the storage life of the packaging as specified 
in 3.1.1. 


6.2.11 Critical . An item is considered critical when it has any surface or part which is highly 
finished, involves a precision tolerance, or is subject to chemical or physical damage. 

6.2.11.1 Chemically Critical . An item is considered chemically critical and subject to 
chemical damage when any surface or part of the item is of such a nature that any degree of 
chemical action in the form of rust, stain, or any other corrosion will render the item unfit 
for use. 


6.2.11.2 Physically Critical . An item is considered physically critical and subject to physical 
damage when any portion of the item is of such a nature that a slight degree of physical action in 
the form of abrasion, shock, vibration or distortion will render the item unfit for use. 
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The information required to complete thia Appendix shall be furnished by AC Electronics 
Division of G. M. u .. 


METHODS OF PRESERVATION AND PACKAGING 
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APPENDIX I 

The information required to complete this Appendix shall be furnished by AC Electronics 
Division of G. M. 

METHODS OF PRESERVATION AND PACKAGING 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 

Level B 

LevelC 

AAC Filter 800 cps 

IA 



AC Buffer Amp. Assy. - 

IA 



AC Diff. Amp. & Interrogator 

IA 



Adapter Breakout-Emergency Monitor Ind. 

IA 



Alarm Amplifier 

IA 



Alignment Bar Horizontal Reference 

IA 



Amplifier 800 cps 1% 

IA 



Amplifier 800 cps 5% 

IA 



Amplifier 3200 cps 1% 

IA 



Anti-Creep Module 

IA 



Autocollimator, Two-Axis 


m 


Auxiliary Battery Pack 

IA 



Auxiliary Input Panel 4 

IA 



Base Plate 

IA 



Bellows, IMU Snap-On 

IA 



Binary Current Switch 

IA 



Blower Control Module 

IA 



Bracket Assy. 

IA 



Bracket, Electronics Level Assy. 

IA 



Bracket Set, Autocollimator 

IA 



Bridge Supply and Resistors 

IA 



Buffer Assy. 

IA 



Buffer Circuit 

IA 



Cabinet, Elect. Equip. Assy. 

IA 



Cable, IMU/CDU Load and Signal Simulator 

IA 



Cables, Interconnect G&N 

IA 



Cables, Optics/C DU Load and Signal Simulator 

IA 



Caging Electronics 

IA 



CDU Assy. 

IA 



CDU Frame Assy. 

IA 



CDU Panel Assy. 

IA 



Clamp, Bracket 

IA 



Coaxial Distribution Panel 

IA 



Control Electronics Assy. 

IA 



Controller, Temp. IMU Lifting 

IA 



Controller, Temp. Portable 

IA 



Coolant Supply Assy. 

IA 



Counter 

IA 



Coupling Data Unit 

IA 
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APPENDIX I (Continued) 



Applicable Method 

Special 

Remarks 

Nomenclature 

of Specification 
MIL-P-116 

_ - . _ 

LevelB 

Level C 


Cover Set, Elect. Connector 

IA 



Crossbar Switch 

LA 



DA Converter 

IA 



DC Differential Amplifier 

IA 



Degausser Assy. 

IA 



Detector Bridge 

IA 



Digital Recorder 

IA 



Digital Voltmeter 

IA 



Drawer Assy., Computer Simulator (RAY) 

IA 



Dual Beam Oscilloscope 

IA 



Ducosyn Transformer 

IA 



Electronics Power Supply 

IA 



Fan, Centrifugal Assy. 

IA 



Fixture, Handling, G&N Harness 

IA 



Fixture, Handling, IMU 

IA 



Fixture, Handling, Optics Sub-System 

IA 



Fixture, Mounting, G&N 

IA 



Fixture, Mounting, IMU/NAV Base 

IA 



Fixture, Mounting, PTA/PIPA 

IA 



Fixture, Mounting, Sub-System 

IA 



Fixture, Optics/Nav Base 

IA 



Flip Flop Assy. 

IA 



Galvanometer 

IA 



G&N Harness Handling and Installation Fixture 

IA 



G&N Subsystem Supply Filter 

IA 



Gimbal Dump Circuit 

IA 



Gimbal Position Control 

IA 



Gimbal Servo Amplifier 

Gimbal Servo Out-of-Limits & Gimbal 

IA 



Lock Warning Indicator 

IA 



Glitch Detector Assy. 

IA 



GSE Junction Box 

IA 



GSE-PSA Junction Box 

IA 



Guidance System Power Supply 

IA 



Gyro Caging Electronics 

IA 



Gyro Wheel Tester 

IA 



Header 

IA 



Heat Sink 

IA 



Hose, Coolant, Interconnect, Male-Female 

IA 



Hose, Flexible Assy. 

IA 
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APOLLO G&N Specification 
ND1002214 D 


APPENDIX I (Continued) 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 

IG Servo Amplifier 

IA 



IMU Load Comp. 

IA 



IMU Load and Signal Simulator 

IA 



Inertial Measurement Unit 

* 


♦Ship in GFP 




Container 

Inertial Measurement Unit and Pipa Electronics Assy. 

IA 



Inertial Measurement Unit and Pulse Torque Assy. 

IA 



Inner Axis Resolver 

IA 



Inner Axis Torque Motor 

IA 



Interrogate Module 

IA 



IRIG Preamp 

IA 



Lamp and Relay Power Supply 

IA 



LEM Harness 

IA 



Level, Electronics 

IA 



Lifting Temp. Controller 

IA 



Load (800 cps Load Comp.) 

IA 



Main Sum Ampl. & Quad Rej. 

IA 



Map & Data Viewer 

IA 



Master Stand 

IA 



MG Servo Amplifier 

IA 



Middle Axis Resolver 

IA 



Middle Axis Torque Motor 

IA 



Mode Module 

IA 



Modulator Loop & Comp. 

IA 



Monitor Panel 

IA 



Monitor Scope 

IA 



Motor Drive Amplifier 

IA 



Narrow Band Amplifier 

IA 



Navigation Base Assy. 

IA 



Navigation Base/Optical Unit/Bellows Instal. Kit 

IA 



OG Servo Amplifier 

IA 



Optics Automatic Operate Relay Assy. 

IA 



Optics CDU Load & Signal Simulator Assy. 

IA 



Optics CDU Load & Signal Simulator Cable Assy. 

IA 



Optics Cover Assy. 

IA 



Optics Shroud Assy. 

IA 



Outer Axis Resolver 

IA 



Outer Axis Torque Motor 

IA 
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APOLLO G&N Specification 
ND1002214 D 


APPENDIX I (Continued) 



Applicable Method 


Nomenclature 

of Specification 

Special 


1 MIL-] 

P-116 

Remarks 

_ 

j Level B 

Level C 


Panel, Protection, AC Power 

IA 



Pen Control Oscillograph Assy. 

IA 



Phase & Amplitude Control 

IA 



Phase Angle Detector 

IA 



Phase Angle Voltmeter 

IA 



Phase Shift Buffer Amplifier 

IA 



Phase Shift Panel 

IA 



Phase Sensitive Error Detect. 

IA 



Photometer Electronics 

IA 



PIPA Electronics Assy. 

IA 



PIP Preamp. Assy. 

IA 



Power Diodes & Signal Cond. Elect. Assy., Tray 10 

IA 



Power Supply and Load Panel / 

IA 



Power Supply Pulse Torque 

IA 



Power Supply, -28 vdc 

IA 



Primary Signal Selector 

IA 



PSA Adapter Module 

IA 



PSA Mounting Fixture 


m 


Pulse Buffer Amp. Assy. 

IA 



Pulse Buffer Assy. „ . , j 

IA 



Pulse Torque Assy. 

IA 



Pulse Torque Assy. Adapter 

IA 



Pulse Torque Isolation Trans. 

IA 



Quadrant Selector 

IA 



Recorder, Variac 

IA 



Relay and Lamp Power Assy. 

IA 



Relay and Lamp Power Supply 

IA 



Remote Counter Indicator 

IA 



Remote Optics Controller 


m 


Resolver Amplifier 

IA 



Resolver Bridge 

IA 



Resolver Gyro Error 

IA 



Reticle Light Dimmer 

IA 



Rotary Table 

IA 



SCT Trunnion Xformer & Relay 

IA 



Selector Drive Assy. 

IA 



Sextant Hand Controller 

IA 



Shipping Container Nav. Base 


m 
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APOLLO G&N Specification 
ND1002214D 


APPENDIX I (Continued) 


Nomenclature 


Signal Conditioner Assy. 

Signal Conditioner Power Supply 
Signal Generator 
Signal Shaping & Inhibit 
Simulator, Optics/CDU Load & Signal 
Simulator Set, Load & Signal 
Simulator Set, Load & Signal-IMU/CDU 
Standard Relay Module 

Temp. Alarm Module 
Temp. Control Module 
Temp. Monitor It Control 
Test Control 
Tester, Gyro Wheel 
Teat Selector 

Toe Cap Power and Servo Aaay. 

Tool-Alignment, IMU Mtg. Fixture 
Torque Enable Aaay. 

Tracker X * Y Aaay. 

Tracker X Channel 
Tracker Y Channel 
Tray, Breakout - 84 pin 
Tray, Breakout - 105 pin 
Two Speed Switch 

Wheel Power Fail & -28 vde Sensor 

16 PIP 
16 PIPA 

3200 cps Lo Buffer Ampl. 

3200 cps Suspension Supply 











< ** 
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GENERAL SPECIFICATION 


PRESERVATION, PACKAGING, PACKING AND CONTAINER MARKING OF 
APOLLO GUIDANCE AND NAVIGATION 
MAJOR ASSEMBLIES, ASSEMBLIES, SUBAS8EMBLIE8, PARTS AND 
ASSOCIATED GROUND SUPPORT EQUIPMENT 


Rsoord of Revisions 


Pl|M 

Revised 



Revision TDRR 
Letter No* 


1/16/6* B 24019 I 3 , 16*24, now 24 pages, was I W. K. 


1/18/66 C 25377 3.5,8.9.10 WK 

4/12/66 n 27998 10-14 WK 

9/15/661 E | 31038 10-24. Was 24 pages, no w 28 


27998 I 10-14 



Tills specification consists of psft 1 
to 111 and 1 to 26 inclusive* 





























APOLLO GIN Specification 
ND1002214 E 


APPENDIX I 

The information required to complete this Appendix shall be furnished by AC Electronics 
Division of G. M. 

METHODS OF PRESERVATION AND PACKAGING 


Nomenclature 


Accessories 

AC Differential Amplifier G/S Assembly 
AC Power Protection Panel Assembly 
Adapter Breakout-Emergency Monitor Ind. 

AGC Calibration System Console Assembly 
AGE Coolant and Power Console 
AGE Interconnect Harness and PSA End Connector 
Assembly 
Alignment Bar 
Alignment Mirror Assembly 
Amplifier, Miscellaneous 
Anti-Creep Module 
Autocollimator 
Auxiliary Battery Pack Case 
Auxiliary Input Panel 

Base Plate 

Bellows, 1MU Snap-On 
Binary Current Switch 

Binaxy Current Switch Computer Output Assy 

Blower Control Module 

Bracket, Electronics Level Assy 

Bracket Set, Autocollimator 

Bridge Supply and Resistors 

Buffer Amplifier 

Buffer Assy 

Buffer Circuit 

Buffer Circuit Module Assembly 

Cabinet, Elect. Equip. Assy 
Cable, IMU/CDU Load and Signal Simulator 
Cable Interconnect 
Caging Electronics 

CDU and Gyro Accelerometer Electronics Assembly 
Tray 5 













APOLLO G&N Specification 
ND1002214 E 


APPENDIX I (Continued) 


Nomenclature 

CDU and Power Supply Electronics Assy Tray 6 
CDU D to A Converter Module Assy 
CDU Fixed Resolution Transformation ft Entry 
Mode Assembly 
CDU Frame Assy 
CDU Panel Assy 

CDU Resolver Loads Module Assembly 
CDU Zeroing and Lock Relays Assembly 
CDU Zeroing Transformer Relays and Entry 
Relays Assembly 
Centrifugal Fan Assembly 
Coaxial Distribution Panel Assembly 
Computer Simulator Drawer Assembly 
Control Electronics Assy 
Coolant Supply Assy. 

Cosecant Generator Module Assembly 
Counter 

Counter Assembly 
Coupling Data Unit 

Coupling Display Frame and Panel Assy 
Coupling Display Unit Assembly 
Cover Set, Elect. Connector 
Crossbar Switch 
Crossbar Switch Assembly 
Current Source Monitor 

DA Converter 

D and C Electronics Assembly 

DC Differential Amplifier 

DC Differential Amplifier and PVR Assembly 

Degausser 

Degausser Assy 

Demodulator 

Detector Bridge 

Digital Recorder 

Digital Recorder Assembly 

Digital Voltmeter 

Digital Voltmeter Assembly 

Display and Control Group 

Distribution Panel-Coaxial 

Drawer Assy., Computer Simulator (RAY) 

Dual Beam Oscilloscope 

Dual Beam Oscilloscope Assembly 

Ducosyn Transformer 











APOLLO GAN Specification 
ND1002214 C 


APPENDIX I (Continued) 


Nomenclature 

Applicable 

Specification 

Method of 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 

Electrical Equipment Cabinet Assembly 


m 


Electrical Equipment Cabinet Assembly, 




Optics-Inertial Analyzer Assembly 


m 


Electronics Power Supply 

IA 



Electronics Power Supply Assembly 

IA 



Encoder Module Assembly 

IA 



Failure Indicator Module Assembly 

IA 



Fan, Centrifugal Assy 

IA 



Filling and Purging Fixture 


m 


Filter, Electrical 

IA 



Fixture, Handling, GAN Harness 




Fixture, Handling, IMU 


m 


Fixture, Handling, Optics Sub-System 

IA 



Fixture, Mounting, GAN 


m 


Fixture, Mounting, 1MU/NAV Base 


m 


Fixture, Mounting, PTA/PIPA 


m 


Fixture, Mounting, Sub-System 

IA 



Fixture, Optics/Nav Base 

IA 



Flip Flop Assy 

IA 



Forward Backward Counter and Computer 




Output Assembly 

IA 

, 


Galvanometer 

IA 



GAN Harness Handling and Installation Fixture 


m 


GAN Harness Handling Shipping Fixture 


m 


GAN Indicator Control Panel Assembly 




GAN Interconnect Harness 




GAN Mounting Fixture 


m 


GAN Subsystem Supply Filter 




GAN Subsystem Supply Filter Module Assy 

IA 



GAN Transportation Cart 


m 


Gimbal Coarse Align Amplifier Module Assy 

IA 



Gimbal Dump Circuit 

IA 



Gimbal Position Control 

IA 



Gimbal Position Control Drawer Assembly 

IA 



Gimbal Servo Amplifier 

IA 



Gimbal Servo Amplifier Module Assembly 

IA 



Gimbal Servo Electronics Assembly Tray 1 

IA 



Gimbal Servo Out-of-Limits A Gimbal Lock Warning 




Indicator 

IA 



Glitch Detector Assy 

IA 




12 














APOLLO G6N Specification 
ND1002214 £ 


APPENDIX I (Continued) 


Nomenclature 


Applicable Method of 
Specification MIL-P-116 1 


Level B I LevelC 


Special 

Remarks 


GSE Junction Box Assembly 


m 


GSE-PSA Junction Box Assembly 


m 


Guidance Computer Display and Control Panel 




Assembly (LEB) or (MEB) 

IA 



Guidance Computer Group 

• 


•Ship in GFP 




Container 

Guidance Computer Shipping Container 


m 


Guidance Computer Test Set 


m 


Guidance System Assembly Power 8upply 

IA 



Guidance System Power Supply 

IA 



Gyro and Accelerometer Electronics Assy Tray 3 

IA 



Gyro and Accelerometer Electronics Assy Tray 4 

IA 



Gyro Caging Electronics 

IA 



Gyro Wheel Tester 


m 


Gimbal Position Display Assy 

IA 



Handling Fixture 


m 


Header 

IA 



Heat Sink 

IA 



Horizontal Reference Alignment Bar 


m 


Hose, Coolant 


m 


Hose, Coolant, Interconnect, Male-Female 

IA 



Hose, Flexible Assy 

IA 



Indicator, Counter Remote Assy 

IA 



IG Servo Amplifier 

IA 



1MU and CDU Load and Signal Simulator Assembly 

IA 



IMU CDU Load Compensation Module Assy 

IA 



IMU Control Panel Assembly 

IA 



IMU Load Comp 

IA 



IMU Load and Signal Simulator 

IA 



IMU Mounting Fixture Alignment Tool 


m 


IMU Mounting Fixture Assembly 


i 


IMU Pressure Seal Tester 


m 


IMU Shipping Container 


HI 


IMU Snap-on Bellows 

IA 



IMU Temp Controller Assembly 


m 


IMU Temperature Indicator Alarm and Back-up 




Controller Assembly 

IA 



Inertial Components Temperature Controller Assembly 

IA 



Inertial Measurement Unit 

* 


•Ship in GFP 

I*-*' ;'■<« • 



Container 
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APOLLO GIN Specification 
ND1002214 E 


APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification M1L-P-116 

Special 

Remarks 

Level B 

Level C 

Inertial Measurement Unit and PIPA Electronics Assy 

• 



Inertial Measurement Unit and Pulse Torque Assy 

• 



Inertial Measurement Unit Assembly 

• 



Inertial Subsystem Test Equipment 


m 


Inner Axis Resolver 

IA 



Inner Axis Torque Motor 

IA 



Integrator Motor Drive Preamplifier Module Assembly 

IA 



Interrogate Module 

IA 



Interrogator Assembly 

IA 



HUG Preamp 

IA 



Inverter, 8tatic 

m 



Junction Box 


m 


Lamp and Relay Power Supply 

IA 



Lamps, Back Up Mode Assembly 

IA 



LEM Harness 

IA 



Level, Electronics 

IA 



Lifting Temp. Controller 


m 


Load (800 cps Load Comp.) 

IA 



Main Sum Am pi. 6 Quad Rej. 

IA 



Map A Data Viewer 

IA 



Map & Data Viewer Assembly 

IA 



Master Stand 

IA 



MG Servo Amplifier 

IA 



Middle Axis Resolver 

IA 



Middle Axis Torque Motor 

IA 



Miscellaneous Electronics Assembly Tray 7 

IA 



Mode Module 

IA 



Modulator Loop <i Comp. 

IA 



Modules, Misc. 

IA 



Monitor Oscilloscope Assembly 

IA 



Monitor Panel 

IA 



Monitor Panel Assembly 

IA 



Monitor Scope 

IA 



Motor Drive Amplifier 

IA 



Motor Drive Amplifier and Selector Circuit Assembly 

IA 



Motor Drive Amplifier Module Assembly 

IA 



Narrow Band Amplifier 

IA 



Navigation Base and Optical Unit Assy 

* 

♦Ship in GFP 



Containers 

_1_, 











APOLLO G6N Specification 

ND1002214 E 


APPENDIX I (Continued) 


Nomenclature 

Navigation Base and Optical Unit Assy Shipping 
Containers 

Navigation Base Assy 

Navigation Base/Optical Unit/Bellows Instal. Kit 

OG Servo Amplifier 

Optical Base Assembly 

Optical Electronics Assembly Tray 8 

Optical Electronics Assembly Tray 9 

Optical Unit Assembly 

Optics Automatic Operate Relay Assy 

Optics CDU Load k Signal Simulator Assy 

Optics CDU Load A Signal Simulator Cable Assy 

Optics Checkout Kit 

Optics Cover Assy 

Optics-Inertial Analyzer Console 

Optics-Inertial Test Set 

Optics Navigation Base Mounting Fixture 

Optics Shroud and Cover Assembly 

Optics Shroud Assy 

Optics 800 CPS Compensation Module Assy 
Oscillograph Amplifier Assembly 
Oscillograph Assembly 
Oscillograph Console Assembly 
Oscillograph Control Assembly 
Oscillograph Pen Control Assembly 
Oscillograph Signal Selector Assembly 
Outer Axis Resolver 
Outer Axis Torque Motor 

Panel, Protection, AC Power 
Pen Control Oscillograph Assy 
Phase k Amplitude Control 
Phase Angle Detector 
Phase Angle Voltmeter 

Phase Angle Voltmeter Assembly 
Phase Shift Buffer Amplifier 
Phase Shift Assembly 
Phase Shift Panel 
Phase Sensitive Error Detect. 
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ND1002214 E 


APPENDIX I (Continued) 

Nomenclature 

Photometer Electronics 
PIPA Calibration Assembly 
PIPA Electronics Assy 

PIPA - Gyro Back-up Mode Electronics Assy 
PIP Preamp. Assy 

Portable Temperature Controller Assy 
Power and Servo Assembly 


Power Diodes ft Signal Cond. Elec. Assy Tray 10 

Power Protection Assy 

Power Supply and Load Panel 

Power Supply and Load Panel Assy 

Power Supply Electronics Assy Tray 2 

Power Supply Pulse Torque 

Power Supply, -28 vdc 

Primary Signal Selector 

Primary Signal Selector Assembly 

Printer 

PSA Adapter Module 

PSA Adapter Module Assy 

PSA Coldplate Assy 

PSA Holding Fixture Assembly 

PSA Junction Box 

PSA Mounting Fixture 

PSA Test Point Adapter Assembly 

PSA Tray Extender Set 

Pulse Buffer Amp. Assy 

Pulse Buffer Assy 

Pulse Torque Assy 

Pulse Torque Assy Adapter 

Pulse Torque Gyro Calibrate Assembly 

Pulse Torque Isolation Trans. 

Pulse Torquing Power Supply Module Assy 
Quadrant Selector 



IHBT1 
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APPENDIX I (Continued) 


Nomenclature 

Applicable 

Specification 

Method of 
MIL-P-116 

Level B 

Level C 

Recorder 


m 

Recorder, Variac 

IA 


Relay and Lamp Power Assy 

IA 


Relay and Lamp Power Supply 

IA 


Relay and Lamp Power Supply Assembly 

IA 


Relay Module Assembly 

IA 


Remote Counter Indicator 

IA 


Remote Optics Controller 


m 

Remote Optics Controller Assembly 


m 

Resistor and Capacitor Module Assy 

IA 


Resolver Amplifier 

IA 


Resolver Bridge 

IA 


Resolver Drive Amplifier Module Assembly 

IA 


Resolver Gyro Error 

IA 


Reticle Light Dimmer 

IA 


Retro Reflector 

IA 


Rotary Table Assy 


i 

Rotary Table Calibration Set 


m 

Scanning Telescope Assembly 

IA 


Scanning Telescope Bellows Assembly 

IA 


SCT Trunnion Xformer 6 Relay 

IA 


Selector Drive Assy 

IA * 


Selector Preamplifier 

IA 


Sensor Assy 

IA 


Servo Amplifier 

IA 


Servo Motor Drive Preamplifier Module Assy 

IA 


Sextant Assembly 

IA 


Sextant Bellows Assembly 

IA 

. 

Sextant Hand Controller 

IA 


Shipping Container Nav. Base 


m 

Signal Generator Assembly 

IA 


Simulator Set 


m 

Support Console 


m 

Temperature Alarm Module 

IA 


Temperature Controller 

m 


Temperature Control Module 

IA 


Temperature Monitor and Control Assy 


m 

Ternary Current Switch Computer Output A~sy 

IA 


Test Console 


m 

Test Control 

IA 


Test Control Assembly 

IA 


Tester, Gyro Wheel 

IA 

..—.. 

Test Point Adapter 

m 


Test Selector 

IA 


Test Selector Assembly 

IA 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-116 

Special 

Remarks 

Level B 

Level C 

Theodolite 


m 


Toe Cap Power and Servo Assy 

IA 



Tool-Alignment, IMU Mtg. Fixture 




Torque Enable Assy 

IA 



Tracker X ft Y Assy 

IA 



Tracker X Channel 

IA 



Tracker Y Channel 

IA 



Tray, Breakout - 84 pin 

IA 



Tray, Breakout - 105 pin 

IA 



Two Speed, Speed Switch 

IA 



Two Speed Switch Module Assembly 

IA 



Ultra Precision Rotary Table 




Voltage Reference Assy 

IA 



Wheel Power Fail ft -28 vdc Sensor 

IA 



Zero Optics Module Assembly 

IA 



25.6 KC Encoder Excitation Power Supply Assy 

IA 



-28 VDC Power Supply Module Assembly 

IA 



800 CPS AAC Filter and Multivibrator Module Assy 

IA • 

' 


800 CPS, 1% Amplifier Module Assembly 

IA 



800 CPS, 5% Amplifier Module Assembly 

IA 



3200 CPS AAC Filter and Multivibrator Assembly 

IA 



3200 CPS, 1% Amplifier Module Assembly 

IA 



3200 CPS, 20V Temperature Controller Power 




Supply Module Assembly 

IA 
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Nomenclature 


APPENDIX H 
Applicable Method of 
Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 


IA 


Use container 

1019720, OUA Lens 

Covers, and OUA 

Connector Covers 

IA 


Use container 1019721 

i 

IA 



IA 


Use container 6014000. 

AOT Lens oovers, AOT 
connector cover, and 

AOT Gas Injection 

Valve Assembly 

IA 

IA 

Use container 

1019728 (collimator 

1017412 in own case) 


IA 



A. Command Module (CM) 
Optical Unit Assembly 


Map and Data Viewer 

All OUA and MADV 
Assemblies, Subassemblies, 
spares, and oomponent parts 

B. Lunar Exoursion Module(LEM) | 


Alignment Optical Telescope 


All AOT assemblies, sub- 
assemblies, spares, and 
oomponent parts 

C. Ground Support Equipment 

Alignment Mirror Assy 


Alignment Mirror Certifica¬ 
tion Fixture 
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Nomenclature 

APPENDIX H 

Applicable Method of 
Specification 
MIL-P-116 

Special 

Remarks 


LevelB 

/Level C 


Alignment Optical Telescope 
Tester, consisting of: 

1) AOT Mount (with Long 
and Short Theodolite 
Mounts installed on 

Base Mount) 



IA 


2) Collimator Assy 



IA 


3) Collimator Mount Assy 



IA 


4) Cables 



IA 


Alignment Optical Telescope 
Tester Certification Kit, 
consisting of: 





1) Alignment Mirror 



IA 


2) Locating Pins, Bolts, 
and misc. items 



IA 

. ' . 

Autocollimator Plate 

Assy, 0* 



IA 


Autocollimator Plate 

Assy, 45* 



IA 


Autocollimators (all) 



IA 

Use vendor supplied case. 

Auxiliary PTF 



IA 


Azimuth Reference Fixture 



IA 


Collimators (all) 



IA 

Use vendor supplied case. 

Containers, used for: 





1) Alignment Mirror Assy 

m 




2) Alignment Optical Tele¬ 
scope 

m 
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Nomenclature 

APPENDIX H 
Applicable Method of 
Specification 
MIL-P-116 

Level B 

Level C 

3) Azimuth Check Bar Assy 

m 


4) Collimator, 8&H 



Simulator 

m 


5) Deflector, S&H 



Simulator 

m 


6) Map & Data Viewer 

m 


7) Optics Cleaner Kit 

m 


8) Optical Unit Assy 

n 


9) Photovolt Multiplier Assy 

B 


10) Polygon & Mount Assy 

m 


11) Retroreflecting Prism 

m 


12) Trunnion Mirror Assy 

in 


13) Star & Horizon Cert. 



Fixture 

m 


14) Yoke Positioning Fixture 

m 


Functional Tester 


IA 

Functional Tester Mod 


IA 

G&N Fixture Stand 


IA 

G&N Installation Qualification 



Fixture 


IA 

GAN Installation Qualification 



Certification Fixture 


IA 

Map & Data Viewer Tester 


IA 

Optics Cleaner Kit 


IA 


Special 

Remarks 


Use oontainer 1022882-011 
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Nomenclature 

APPENDIX H 
Applicable Method of 
Specification 
MIL-P-116 


Level B 

Level C 

OUA Lens Covers 

IA 


OUA Connector Covers 

IA 


Precision Test Fixture 


IA 

Precision Test Fixture Mod 


IA 

PTF Calibration Equipment, 
consisting of: 



1) Asimuth Cheek Bar Assy 


IA 

2) Polygon 8 Mount Assy 


IA 

3) Trunnion Mirror Assy 


IA 

4) Yoke Position Fixture 


IA 

Portable Light Assembly 


IA 

Retrorefleeting Prism 


IA 

Retroflecting Prism 
Certification Fixture 


IA 

Star 6 Horizon Simulator 


IA 

Star 6 Horizon Simulator 
Certification Fixture 

! 

IA 


Special 

Remarks 


Vendor supplied case for 
collimators and auto- 
collimators 

Vendor supplied case for 
collimators and autooolli- 
mators. 

Use container 1019729 for 
Yoke Position Fixture. 


Use container 1019756 
Use container 1019718 
Use container 1019724 
Use container 1019729 


Use container 1019852-911 


Use container 1019981-011 
for deflectors and container 
1019957-011 for oolllmator 


Use container 1001898 for 
Photo volt Multiplier Assy 
and container 1019894-011 
for Certification Assy. 
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Nomenclature 


APPENDDC D 

-? 

Applicable Method of 

Special 

Specification 

Remarks 

M1L-P-116 


Level B Level C 



Shaft Accuracy Tester 
Theodolites 
Tooling Bar 

Variable Deviation Wedge 

All GSE Spare Assemblies 
Sub-assemblies, and 
Component Parts 


IA 

IA 

1A 

IA 

IA 


Use vendor supplied case 


Use vendor supplied case 
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APPENDIX III (Continued) 







Special 

Nomenclature 



Remarks 


Level B 

Level C 


Electroluminescent Digital Display Indicator 

IA 



Eraaabla Driver Module 

IA 



Fan, Exhaust, Ventilating, Etc. 

Field Welding Station 

IA 

III 


Filter, Air 

III 



Filter, RF 

IA 



Flange 

III 



Flasher, Electronic Relay Type 

IA 



Fuse 

III 



Gasket, Teflon, Rubber or Neoprene, Cork, Felt, Etc 

III* 


* Adequate protec- 




tion against 
deformation 

Gated Flip Flop Module 

IA 

* 


Hardware, Coesson 

III 



Hardware, Peculiar 

IC 



Hose Assembly 

III* 


* Seal or plug 




openings to pre¬ 
vent entrance of 




moisture, dirt or 
foreign matter 

Indicator 

IA 



Indicator (Register 1,2,3) 

IA 



Indicator (Verb-Noun) 

IA 



Interface Couple Module 

IA 



Interface Module 

IA 



Interface Receiver Module 

IA 


• 
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APPENDIX III 


The information required to complete thie appendix shall be furnished by Raytheon 
Company. 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 


Level B 

Level C 

AC Input Panel 

IA 



Antenna Installation Kit 

IA 



Bracket, Painted, Plated or other 

III 



Protective Finish 




Cabinet, Electrical Equipment, Complete 


III 


Cable, Cord or Wire Assembly 

IA 



Calibrator, Frequency 

IA 



Capacitor 

IA 



Circuit Breaker and Circuit Breaker Assembly 

IA 



Clamp, Cable 

III 



Clock Nodule 

IA 



Coil, RF 

IA 



Computer, Apollo Guidance 

II* 


* Ship in GFE 

container 1006230 

Computer Simulator 


III 


Computer Test Set 


III 


Containers, Shipping, Empty 


III 


Control and Interface Panel 

IA 



Cooling Unit 

IA 



Counter, Electrical or Mechanical 

IA 



Counter, Frequency 

IA 



Coupling, Quick Disconnect 

IA 



Current Switch Module 

IA 



Decode Module 

IA 



Digital Recorder 

IA 



Digital to Analog Module 

IA 



Diode Module 

IA 



Driver Service Module 

IA 



Dummy Load 

IA 




i: 25 



APOLLO G&M Specification 
ND1002214 £ 


APPENDIX III (Continued) 


Nonenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Renarks 

Level B 

Level C 

Jack, Tip 

IA 



Keyboard Module 

IA 



Knob 

III 



Leap, Incandescent, Pilot Indicator, Neon, Etc. 

III 



Logic Module Assanbly 

IA 



Main Display and Keyboard 

II* 


* Ship in GFE 




container 1006229 

Meter, All Types, Sealed 

III 



Meter, All Types, Unsealed 

IA 



Micrologic 

IC 



Motors 

IA 



Navigation Display and Keyboard 

II* 


* Ship in GFE 




container 1006231 

Nor Module 

IA 



Operational Console (Less DSKYs end Computer) 


III 


Oscillator Module 

IA 



Oscillator, RP, Sealed 

IA 



Oscilloscope 

IA 



Power Supply 1 

IA 



Power Supply Control Module 

IA 



Power Switch Module 

IA 




26 



APPENDIX III 


Nomenclature 


Receiver, Phaee Comparator 
Relay 

Relay Bank Module 
Resistor, Fixed 
Reaistor Module 
Reelator, Var. 

Ring, Retaining 

Rope Driver Module 

Rope Memory Module 

Rope Sanaa Amplifier Module 

Rope Strand Gate Module 

Rope Strand Select Module 


Semiconductor Devlcea 


Simulation Computer 

Socket, Cryetal, Electron Tuba, Coil, Etc. 
Spring, Ferroua 
Spring, Nonferroue 

Switch, Rotary, Toggle, Knife, Fueh, Preeaure and 
Wafer 


/ ' ' 
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tlnued) 



Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarka 


Level B 

Level C 

IA 

IA 

IA 

IA 

IA 

IA 

III 

IA 

IA 

IA 

IA 

IA 

IC* 

IA 

IA 

III 

IA 

III 

* Semiconductors 
which may be 
damaged by electro 
magnetic or 
electrostatic 
effects shall be 
Individually and 
completely enc¬ 
losed In a non¬ 
magnetic elec¬ 
trical conducting 
material, such as 
lead or aluminum 
foil. 
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APPENDIX III (Continued) 



Applicable Method 



of Specification 

Special 

Nomenclature 

MIL-P- 

116 

Remarke 


Level B 

Level C 


Tape Punch Aeaembly 

El 



Tape Reader Assembly 




Terminal, Peedthru. Standoff 

EjH 



Tool, Extracting 

ES 



Tranelatore 



* Traneletore which 




may be damaged by 
electromagnetic or 
electroetatlc 
effecte ehall be 
Individually and 
completely enc- 
loeed In a non- 




magnetic electrical 
conducting material 
auch aa lead or 
aluminum foil. 

Traneformer. Open (Not Sealed) 

IA 



Traneformer. Seeled 

III 

* 


Traneformer. Driver Module 

IA 


i 
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ft. Special h a ndling and storage instructions for equipment which to highly susoeptlhle 
to dsnisgs or degradation, 

b. Precautionary markings, indicating critical environments witkin toe package, 
specified levels of c l ean lin ess sf tos itom, special temperature, humidity or 
pressure eontrols. 

e. Marking and l a b e lin g, er both, ef dangerous materials shall be in oonformance with 
i Civil Aereeaaties Board (CAB) «Intorstato Commerce Conuatoaiop (ICC) rsgnlsfines 
to eftoet at time ef shipment 

8.3.4 Method of Markins . The markiiv of all containers ■Hail he accomplished ash* labels, 

tags, stenciling or any method insuring* that the requirements sf 3.3 will be met. Tbs baste 
materials used in accomplishing the marking requirements shall be compatible 

with those prescribed to Standard MlL-flTD- 123 . 

3.4 PACKAGE DEMON RECORD . The supplier shall records an the suppliers 

format ef all package designs which shall be made available tor rev i ew upon roqeeet ef If ASA, 

3.5 SPECIAL PACKAGING BLOCK n PSA. The Block II PSA to mounted to a Cover Assembly 
(So# Figure 1) on the side opposite the handling fixture. The cover prevents the buckling ef 
the PSA during sir shipment. * The following procedure shall be followed in mounting the PSA 
to the Cover Assembly. 

a. Orient the mylar gaslcet (see Figure l) v to completely cover the Cover Assembly 

nrm except fer titomounting holes; . 

b. Place the PSA on top of the mylar gasket and the Cover Assembly eo there itf ’ 
proper alignment of plate mounting holes to the PSA. 

e. Insert the four 4-1/2 long bolts through the Cover Assembly from the bottom. 

Install the flat washer, look washer end hex nut, in that order, over the threaded 
sad of each bolt. , * 

• V , f •' 

d. Tighten four nuts alternately to 10 Inch-poiind increments until they are torqued 
to between 60 end 70 inch-pounds. 


o. Complete the remainder of normal packaging operations. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL* The supplier shall be responsible for She performance of all the quality 
assurance provisions specified herein. Inspection reoords of the examinations and tests 
shall be kept complete and available for review upon request of NASA. 

4.2 CLASSIFICATION OF TESTS. The inspection and testing of the preservation, packaging, 
and p a ckin g shall be classified as follows: 

a. Qualification tests, those tests conducted prior tepctxtoctien e*prototype pent is 1 . 
v. (••• 6.2.2) to determine the oapsbility of tea design to moot the test requirements 

of this specification. 

h» Acceptance tests, those tests conducted during production to insure nontlnnsd 
oompUaaee with the requirements of this specification. 

4» ^ QUALIFICATION TESTS. The qualification tests of 4.6 shall be performed only at 
the request of NASA and only when none of the provisions in the following list exist. Teste 
requested fay NASA shall be performed at the suppliers facility usliy NASA owned items 
wllhln tee pa c k . The tests shall be in accordance with 4. g followed by the applica bl e unit t 
psekags test of Specification MIL-P-119. The failure of any portion of the pack to moot 
tho requirements ef this specification shall be cause for rejection. The eoet of ay yHf i- 
catfon testing shall be subject, to separate negotiations. 

^ r f * 

a. Packing is Level C 

t • , 4 

h. Detailed pac k a gin g aad packing instructions furnished fay NASA # « 

•» The supplier can produos proof through toot data (such as that obtained —<»g ASTM * 
Prooecfctre D159S) teat the materials and concepts used in tee package design axe 
adequate to protect the item against the «ppHfl«Kif rough h.mning tests of gpooiflestioa 
MIL-P-7 936 for Level B packs. 

d. The supplier can produce sa ti s fa ctory evidence of previous compliance with the type 
of test requirements of this specification using ■imiia r methods on tyyjf or 

Items having similar physical characteristics. 

4.4 ACCEPTANCE TEST SAMPLING 

4.4.1 Examination of Product . A random sample of sha ll be selected from each let 
(see 6.2.9) in accordance with Standard M1L-STD-105 at Inspection Level I and an 
(fcudity Level (AQL) of 4,0 percent defective. 

4*4.2 Cleaning. Preservation, and Unit Process Testy . A sample of «k«ii bo randomly 
selected from each lot in accordance with Standard MIL-8TD-I0g at Inspection Level M. The 
aooeptable number of defects shall be aero for sample sixes up to and 7. In all other 

eases the AQL shall be 4.0 percent defective. 
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4.8 ACCEPTANCE TESTS. AeotpUnea testa shall bs tea teste of 4.8.1 and 4.8.2. Them 
teste shall ba performs*! os oemplate pecks submitted for aeoeptanoe as stated is 4.4. 

4.8 TEST METHODS 


4 * 6 * 1 Ixamlnatlon of Product Tbs packages shall bo examined to determlas «*»* ?] * *"** 
with the applicable requirements of Section 3 of this 


4 * * Cleaning. Preserv ation, and Unit Protection Process Tests . Teste of cleanly, 

preservation, and unit protection processes shall be performed in aoeordanee with the " 

<* Specification MIL-P-118 ter the method of preservation selected in 3.1. 


4 * 6 ** Vncuum Retention Test. The flexible barrier enolosii^ an item shall bs sealed, 
for an opening in the seam at one oorner to aooomodate a tube or pipe which is eomected to 
the vacuum producing apparatus (aspirator or vacuum pump). A sufficient vacuum «k.| 1 be 
drawn to oanso the flexible barrier to cling snugly to the enolcsed item. Care shall he exor- 
eised to insure that an excessive amount of vacuum, which might puncture or rapt ur e 
of the berrter, is not applied. Without releasing the vacuum, tea final openiag in tee harrier 
ehaii be sealed. The barrier enclosed package shall remain undisturbed at room temperature 
for 4 hoars. The package shall then be examined to determine that no degradatten of original 


4 * •• 4 Handling Teste. The rough handling teste ter Lsvel B n t^s he In 

with %>eeiflcatlen MIL-P-7 838. 

4 • /> 4 

4. f REJECTION AND RETEST. Rejected lots may bs reoffored for 
providing tee supplier oertifies teat foe rejected let has baea reworked by 108 pereent m 
and teat all nonconforming items have been removed. A report eonoeming tee previous 
and notion token to correct the detects ah»ii nwimp^iy each resubmitted let. 


8. PREPARATION FOR DELIVERY. This section is net applicable to this spanlflflatten. 
8 . NOTES 


8 . 1 INTENDED USE. This specification is to bs used as direct reterenoe ter 

ostobltehlng design requirements of APOLLO preservation, packaging, packl*, and container 

S.3 DEflNITIONS. Per the narnoee of this 0 . 11 —i-g 

4,,#1 A»cial Concept A package shall be regarded as special eonespt whea tee supplier 
uees materials, prooeteires, er containers which either do not conform to aw 
specification or standard, er are modifications of ^^"g #r atandards, er 

®° n ^ 0 *m te a performance specification but include special foateree such as thermal insulation, 
combined materials handliag and packaging capability, uaiqus shock absorbing system, etc. 
Other footers of apodal desigs to bo eonsiderod boesuso of unusual characteristics but 

are not limited to, unusual size, weight, or weight distribution; requirements for protection to 
a specifically stated value of acceleration; requirement for controlled shipping and storage 
temperatures or pressures; requirement for protection against restrictive or corrosive. 
atmospheres. 
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2 -Preservation and Packaging. Application or use of adequate protective measures to 
prevent deterioration from environmental and physical hazards. This shall include, as applicable, 
the use of appropriate cleaning and drying methods, preservatives, protective wrappings, cushion^ 
ing, interior containers and complete identification marking, up to but not noting the exterior 
container except when the unit container is also the shipping container. 

6.2.3 jhippltey. The supplier shall be AC Electronics Division of General Motors, Kollsman 

Instrument Corp., or Raytheon Mfg. Co. % . 

6.2.4 Items. Items shall Include major assemblies, assemblies, subassemblies, or parts 

as applicable. Items shall be defined as any assembly, subassembly or part to which preserva¬ 
tion, packaging, or packing is applied. 

® Unit Package. The first tie, wrap, or container, applied to a single item or a multiple 
thereof, or a group of items of a single stock number preserved or unpreserved, which involves 
a complete or Identifiable package suitable for packing Inside a shipping container, or items not 
held by a tie, wrap or container, preserved or unpreserved, that are Individually identified and 
placed directly into an intermediate package or exterior shipping container. 

•• *•• Intermedia te Container. The Intermediate container Is an interior oontalner which 
oontalns two or more unit packages of identical items. 

6.2.7 Packing. Packing includes the insertion of unit or intermediate packages or unpackaged 
material into a shipping container and the application, when required, of bracing, blocking, 
cushioning and waterproof barriers to provide adequate protection during shipment and handling. 
Packing is completed with the final closure, strapping and marking of the shipping oontainsrs. 

6.2.8 Prototype Pack. For the purpose of this specification, a prototype pack shall be a 

pack identical to that intended as a production item, but tested to insure its capabilities prior 
to production packing. j * ■ * 

6.2.9 Lot. For purposes of this specification, a lot shall consist of all packs of the same 
style, size, and type that are intended for use with the same end items, manufactured under 
the same conditions with identical materials, and submitted for acceptance at one time. 

6.2.10 Equipment Shelf Life. The equipment shelf life date shall be the date of the first 
recommended inspection or test and shall not be the storage life of the packaging as specified 
in 3.1.1. 


6.2.11 Critical. An item is considered critical when it has any surface or part which is highly 
finished, involves a precision tolerance, or to subject to chemical or physical damage. 

6.2.11.1 Chemic ally Critical . An item is considered chemically critical and subject to 
chemical damage when any surface or part of the item is of such a nature that any degree of 
chemical action in the form of rust, stain, or any other corrosion will render the item 
for use. 


6.2.11.2 Physically Critical. An item is considered physically critical and subject to physical 
damage when any portion of the item is of such a nature that a slight degree of physical action in 
the form of abrasion, shock, vibration or distortion will render the item unfit for use. 


1# 
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APPENDIX I 

The information required to complete this Appendix shall be furnished by AC Electronics 
Division of G. M. 


METHODS OF PRESERVATION AND PACKAGING 


Nomenclature 

, Applicable Method of 
Specification MIL-P-116 

"Special 

Level B 

Level C 

Remarks 

Accessories 

IA 



AC Differential Amplifier G/S Assembly 

IA 



AC Power Protection Panel Assembly 

IA 



Adapter Breakout-Emergency Monitor hid. ’ 

IA 



AGC Calibration System Console Assembly 


m 


AGE Coolant and Power Console 


m 


AGE Interconnect Harness and PSA End Connector 




Assembly 

IA 



Alignment Bar 

IA 



Alignment Mirror Assembly 

IA 



Amplifier, Miscellaneous 

IA 



Anti-Creep Module j 

IA 



Autocollimator * 


* m 


Auxiliary Battery Pack Case 


m 


Auxiliary Input Panel 4 , , < 

IA 



Baseplate 


m 


Bellows, IMU Snap-On 1 * 1 

IA 



Binary Current Switch 

IA 



Binary Current Switch Computer Output Assy 

IA 



Blower Control Module 

IA 



Bracket, Electronics Level Assy 

IA 



Bracket Set, Autocollimator 

IA 



Bridge Supply and Resistors 

IA 

.. 


Buffer Amplifier 

IA 



Buffer Assy 

IA 



Buffer Circuit 

IA 



Buffer Circuit Module Assembly 

IA 



Cabinet, Elect. Equip. Assy 


m 


Cable, IMU/CDU Load anrf Signal Simulator 

IA 



Cable Interconnect 


m 


Caging Electronics 

IA 



CDU and Gyro Accelerometer Electronics Assembly 




Tray 5 

IA 




1 * 


L_ _| 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P -lit 

Special 

Level B 

Level C 

Remarks 

CDU and Power Supply Electronics Assy Tray 6 

IA 



CDU D to A Converter Module Assy 

IA 



CDU Fixed Resolution Transformation ft Entry 



** 

Mode Assembly 

IA 



CDU Frame Assy 

IA 



CDU Panel Assy 

IA 



CDU Resolver Loads Module Assembly 

IA 



CDU Zeroing and Lock Relays Assembly 

IA 



CDU Zeroing Transformer Relays and Entry 




Relays Assembly ' 1 

IA 



Centrifugal Fan Assembly 

IA 



Coaxial Distribution Panel Assembly 

IA 


* 

Computer Simulator Drawer Assembly 

IA 



Control Electronics Assy 

IA 



Coolant Supply Assy. 


m 


Cosecant Generator Module Assembly 

IA 



Counter 

IA 



Counter Assembly I 

IA 



Coupling Data Unit 

IA 



Coupling Display Frame and Panel Assy 

IA 



Coupling Display Unit Assembly % 

IA 



Cover Set, Elect. Connector 


m 


Crossbar Switch j 

IA 



Crossbar Switch Assembly 

IA 


** 

Current Source Monitor 

IA 



DA Converter 

IA 



D and C Electronics Assembly 

IA 



DC Differential Amplifier 

IA 



DC Differential Amplifier and PVR Assembly 

IA 



Degausser 


m 


Degausser Assy 

IA 



Demodulator 

IA 



Detector Bridge 

IA 



Digital Recorder 

IA 



Digital Recorder Assembly 

IA 



Digital Voltmeter 

IA 



Digital Voltmeter Assembly 

IA 



Display and Control Group 

IA 



Distribution Panel-Coaxial 

IA 



Drawer Assy., Computer Simulator (RAY) 

IA 



Dual Beam Oscilloscope 

IA 



Dual Beam Oscilloscope Assembly 

IA 



Ducosyn Transformer 

IA 




IS 
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APPENDIX I (Continued) 


Nomenclature 

Applicable 
Specif icatio 

Method of 
MIL-P-116 

Special 

Level B 

Level C 

Remarks 

Electrical Equipment Cabinet Assembly 


m 


Electrical Equipment Cabinet Assembly, 




Optics-Inertial Analyzer Assembly 


m 


Electronics Power Supply 

IA 



Electronics Power Supply Assembly 

IA 



Encoder Module Assembly 




Failure Indicator Module Assembly 

IA 



Fan, Centrifugal Assy • 

IA 



Filling and Purging Fixture * 4 


m 


Filter, Electrical 

IA 



Fixture, Handling, GAN Harness 


m 


Fixture, Handling, IMU 


m 


Fixture, Handling, Optics Sub-System 

IA 



Fixture, Mounting, GW 


m 


Fixture, Mounting, IMU/NAV Base 


m 


Fixture, Mounting, PTA/PIPA 


m 

% 

Fixture, Mounting, Sub-System 

IA 



Fixture, Optics/Nav Base 

IA 



Flip Flop Assy 

IA 



Forward Backward Counter mid Computer 




Output Assembly 

IA 



Galvanometer ' 

IA 


*• 

GW Harness Handling and Installation Fixture ' 


m 


GW Harness Handling Shipping Fixture 


m 


GW Indicator Control Panel Assembly 

IA 



GW Interconnect Harness 

m 



GW Mounting Fixture 


m 


GW Subsystem Supply Filter 

IA 



GW Subsystem Supply Filter Module Assy 

IA 



GW Transportation Cart 


m 


Gimbal Coarse Align Amplifier Module Assy 

IA 



Gimbal Dump Circuit 

IA 



Gimbal Position Control 

IA 



Gimbal Position Control Drawer Assembly 

IA 



Gimbal Servo Amplifier 

IA 

, 


Gimbal Servo Amplifier Module Assembly 

IA 



Gimbal Servo Electronics Assembly Tray 1 

IA 



Gimbal Servo Out-of-Limits ft Gimbal Lock Warning 




Indicator 

IA 



Glitch Detector Assy 

IA 




M 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-116 

Special 

Level B 

Level C 

Remarks 

GSE Junction Box Assembly 


m 


GSE-PSA Junction Box Assembly 


in 


Guidance Computer Display and Control Panel 



* 

Assembly (LEB) or (MEB) 

IA 



Guidance Computer Group 

* 


•Ship in GFP 




Container 

Guidance Computer Shipping Container 

✓ 

m 


Guidance Computer Test Set 


m 


Guidance System Assembly Power Supply 

IA 



Guidance System Power Supply * 

IA 



Qyro and Accelerometer Electronics Assy Tray 3 

IA 



Gyro and Accelerometer Electronics Assy Tray 4 

IA 



Gyro Caging Electronics 

IA 



Qyro Wheel Tester 


m 


Gimbal Position Display Assy 

IA 



Handling Fixture . • 


m 


Header . j 

IA 

„ . . 

■* 

Heat Sink 

IA 



Horizontal Reference Alignment Bar 


m 


Hose, Coolant * % 


m 


Hose, Coolant, Interconnect, Male-Female 

IA 



Hose, Flexible Assy 

IA 



Indicator, Counter Remote Assy 

IA 



IG Servo Amplifier 

IA 



IMU and CDU Load and Signal Simulator Assembly 

IA 



IMU CDU Load Compensation Module Assy 

IA 



IMU Control Panel Assembly 

IA 



IMU Load Comp 

IA 



IMU Load and Signal Simulator 

IA 



IMU Mounting Fixture Alignment Tool 


m 


IMU Mounting Fixture Assembly 


i 


IMU Pressure Seal Tester 


m 


IMU Shipping Container 


m 


IMU Snap-on Bellows 

IA 



IMU Temp Controller Assembly 


. m 

- 

IMU Temperature Indicator Alarm and Back-up 




Controller Assembly 

IA 



Inertial Components Temperature Controller Assembly 

tA 


<--- • . . J. 

Inertial Measurement Unit 

* 


♦Ship in GFP 

Isv-? r. .• - T ' 1 ' V '- 



Container 


14 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-iifl 

Special 

Level B 

Level C 

Remarks 

Inertial Measurement Unit and PIPA Electronics Assy 

• 



Inertial Measurement Unit and Pulse Torque Assy 

• 



Inertial Measurement Unit Assembly 

e 



Inertial Subsystem Test Equipment 


m 


Inner Arts'Resblver" ; 

IA 



Inner Axis Torque Motor 

IA 



Integrator Motor Drive Preamplifier Module Assembly 

IA 



Interrogate Module 

IA 



Interrogator Assembly 

IA 



IRIG Preamp * * * 

IA 



Inverter, Static 

m 



Junction Box 


m 


Lamp and Relay Power Supply 

IA 



Lamps, Back Up Mode Assembly 

IA 



LEM Harness 

IA 



Level, Electronics \ 

IA 


- 

Lifting Temp. Controller • 


m 


Load (800 ops Load Comp.) 

IA 



* ' S VI 

Main Sum Ampl. k Quad Rej. 

IA 



Map k Data Viewer 

IA 



Map & Data Viewer Assembly 

IA 


- 

Master Stand 

IA 


’ 

MG Servo Amplifier 

IA 



Middle Axis Resolver 

IA 



Middle Axis Torque Motor 

IA 



Miscellaneous Electronics Assembly Tray 7 

IA 


- 

Mode Module 

IA 



Modulator Loop k Comp. 

IA 



Modules, Misc. 

IA 


* 

Monitor Oscilloscope Assembly 

IA 



Monitor Panel 

IA 



Monitor Panel Assembly 

IA 



Monitor Scope 

IA . 



Motor Drive Amplifier 

IA 



Motor Drive Amplifier and Selector Circuit Assembly 

IA 



Motor Drive Amplifier Module Assembly 

IA 



Narrow Band Amplifier 

IA 



Navigation Base and Optical Unit Assy 

* 


Ship in GFP 



Containers 1 

- i— _ J 


!* 

L . j 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-116 

Spatial 

Remarks 

Level B 

Level C 

Navigation Base and Optical Unit Assy Shipping 




Containers 


m 


Navigation Base Assy 

IA 



Navigation Base/Optical Unit/Bellows Instal. Kit 

n 



OG Servo Amplifier 

IA 



Optical Base Assembly 

IA 



Optical Electronics Assembly Tray 8 

IA 



Optical Electronics Assembly Tray 9 * 

IA 



Optical Unit'Assembly 

IA 



Optics Automatic Operate Relay Assy 

IA 



Optics CDU Load & Signal Simulator Assy 

IA 



Optics CDU Load k Signal Simulator Cable Assy 

IA 



Optics Checkout Kit 


m 


Optics Cover Assy 

IA 



Optics-Inertial Analyzer Console 


m 


Optics-Inertial Test Set 


m 


Optics Navigation Base Mounting Fixture. 


i 


Optics Shroud and Cover Assembly 

m 



Optics Shroud Assy 

IA 



Optics 800 CPS Compensation Module Assy 

IA 



Oscillograph Amplifier Assembly 

IA 



Oscillograph Assembly 

IA 



Oscillograph Console Assembly 


m 


Oscillograph Control Assembly 

IA 



Oscillograph Pen Control Assembly 

IA 



Oscillograph Signal Selector Assembly 

IA 



Outer Axis Resolver 

IA 



Outer Axis Torque Motor 

IA 


. 

Panel, Protection, AC Power 

IA 



Pen Control Oscillograph Assy 

IA 



Phase k Amplitude Control 

IA 



Phase Angle Detector 

IA 



Phase Angle Voltmeter 

IA 



Phase Angle Voltmeter Assembly 

IA 

. - 


Phase Shift Buffer Amplifier 

IA 



Phase Shift Assembly 

IA 



Phase Shift Panel 

IA 



Phase Sensitive Error Detect. 

-—__ 

IA 




t. 

W 
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Nomenclature 

Applicable Method of 
Specification MIL-P-iifi 

Special 

Level B 

Level C 

- Remarks 

Photometer Electronics 

IA 



PIPA Calibration Assembly 


m 


PIPA Electronics Assy 

IA 



PIPA - Gyro Back-up Mode Electronics Assy 

IA 



PIP Preamp. Assy 

IA 



Portable Temperature Controller Assy 


m 


Power and Servo Assembly 

IA* 

♦Block n Configuration 

•*, 


Only: The unit shall be 

i , 


mounted to an aluminum 

* 


plate capable of restrict- 



ing the deflection of the 



cover to less than 1/8 of 



an inch presupposing the 



loss of cabin 

pressure 1 

: v 


during air transport at 1 



30.000 feet 


Power Diodes ft Signal Cond. Elec. Assy Tray 10 

IA 

See paragraph 3.5 for . 

Power Protection Assy 1 

IA 

mounting details. 

Power Supply and Load Panel 

IA 



Power Supply and Load Panel Assy 

IA 



Power Supply Electronics Assy Tray 2 

IA 



Power Supply Pulse Torque 

IA 



Power Supply, -28 vdc , 

IA 


m 

Primary Signal Selector 

IA 


, 

Primary Signal Selector Assembly 

IA 



Printer 

IA 



PSA Adapter Module 

IA 



PSA Adapter Module Assy 

IA 



PSA Coldplate Assy 


m 


PSA Holding Fixture Assembly 


m 


PSA Junction Box 


m 


PSA Mounting Fixture 


m 


PSA Test Point Adapter Assembly 


m 


PSA Tray Extender Set 

IA 



Pulse Buffer Amp. Assy 

IA 



Pulse Buffer Assy 

IA 



Pulse Torque Assy 

IA 



Pulse Torque Assy Adapter; 5 

IA 



Pulse Torque Gyr Calibrate Assembly 


m 


Pulse Torque Isolation Trans. r 

IA 



Pulse Torquing Power Supply Module Assy 

IA 



Quadrant Selector 

IA 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-116 

Special 

Remarks 

Level B 

Level C 

Recorder 


m 


Recorder, V&riac 

IA 


t 

Relay and Lamp Power Assy 

IA 



Relay and Lamp Power Supply 

IA 



Relay and Lamp Power Supply Assembly 

IA 



Relay Module Assembly 

IA 



Remote Counter Indicator 

IA 



Remote Optics Controller 


m 


Remote Optics Controller Assembly » »' 


m 


Resistor and Capacitor Module Assy * * 

IA 



Resolver Amplifier 

IA 



Resolver Bridge 

IA 



Resolver Drive Amplifier Module Assembly | 

IA 



Resolver Gyro Error 

IA 



Reticle Light Dimmer 

IA 



Retro Reflector 

IA 



Rotary Table Assy 


i 


Rotary Table Calibration Set* 


* m 


Scanning Telescope Assembly 

IA 



Scanning Telesoope Bellows Assembly v 

IA 



SCT Trunnion Xformer A Relay 

IA 



Selector Drive Assy f 

IA 


m 

Selector Preamplifier 

IA 



Sensor Assy ' 

IA 



Servo Amplifier 

IA 



Servo Motor Drive Preamplifier Module Assy 

IA 



Sextant Assembly 

IA 



Sextant Bellows Assembly 

IA 



Sextant Hand Controller 

IA 



Shipping Container Nav. Base 


m 


Signal Generator Assembly 

IA 



Simulator Set 


m 


Support Console 


m - 


Temperature Alarm Module 

IA 



Temperature Controller 

m 



Temperature Control Module 

IA 



Temperature Monitor and Control Assy 


m 


Ternary Current Switch Computer Output Assy 

IA 



Test Console 


m 


Test Control 

IA 



Test Control Assembly 

IA 



- Tester, Gyro Wheel --—* ~ - 

IA 



Test Point Adapter 

m 



Test Selector 

IA 


r 

Test Selector Assembly 

IA 




It 
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APPENDIX I (Continued) 


Nomenclature 

Applicable Method of 
Specification MIL-P-116 

Special 

Level B 

Level C 

Remarks 

Theodolite 


m 


Toe Cap Power and Servo Assy. 

IA 



Tool-Alignment, IMU Mtg. Fixture 


m 


Torque Enable Assy 

IA 



Tracker X ft Y Assy 

IA 



Tracker X Channel 

IA 



Tracker Y Channel 

IA 



Tray, Breakout - 84 pin 

IA 



Tray, Breakout - 105 pin • »' 

IA 



Two Speed, Speed Switch ' , * . 

IA 



Two Speed Switch Module Assembly 

IA 



Ultra Precision Rotary Table 


m 


Voltage Reference Assy 

IA 



Wheel Power Fail ft -28 vdc Sensor ! 

IA 



Zero Optics Module Assembly 

IA 



25.6 KC Encoder Excitation Power Supply Assy 

IA 



-28 VDC Power Supply Module Assembly 

IA 



800 CPS AAC Filter and Multivibrator Module Assy • 

IA 



800 CPS, 1% Amplifier Module Assembly 

IA 



800 CPS, 5% Amplifier Module Assembly *' 

IA 



3200 CPS AAC Filter and Multivibrator Assembly 

IA 



3200 CPS, 1% Amplifier Module Assembly 

IA 



3200 CPS, 20V Temperature Controller Power 




Supply Module Assembly 

IA 

- 
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vV.V * 






' : .'•/ 1-'^ 

Nomenclature 

APPENDIX II 
Applicable Method of 
Specification 
. MIL-P-116 

Special 

Remarks 


LevelB 

Level C 


A. Command Module (CM) 




Optical Unit Assembly 

IA 

* 

• V. 

Use container 

1019720, OUA Lens 

Covers, and OUA 

Connector Covers 

Map and Data Viewer 

IA 


Use container 1019721 

All OUA and MADV 

Assemblies, Subassemblies, 
spares, and component parts 

IA 



B. ExtmeSinn.Madide((LteM) 



- -• 

Alignment Optical Telescope 

- ■ i 

1 

M 4 


Use container 6014000. 

AOT Lens covers, AOT 
connector cover, and 

AOX 1 Gas Injection 

Valve Assembly 

All AOT assemblies, sub- 
assemblies, spares, and 
component parts 

- IA 



C. Ground Support Equipment 


- 


Alignment Mirror Assy 


IA 

Use container * 

1019728 (coUimator 

1017412 in own case) 

Alignment Mirror Certifica¬ 
tion Fixture 


IA 

' ; 


10 

T3 


•w * 
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.Nomenclature 

APPENDIX II 
Applicable Method of 
Specification 
MIL-P-116 

•Special 

Remarks 


LevelB 

/Level C 


Alignment Optical Telescope 
Tester, consisting of: 

1) AOT Mount (with Long 
and Short Tbfeodolite 
Mounts installed on 

Base Mount) 


IA 


2) Collimator Assy 


IA 


3) Collimator Mount Assy 


IA 


■ 

4) Cables 


IA 


Alignment Optical Telescope 
Tester Certification Kit, 
consisting of: . • 




1) Alignment Mirror t 


IA 


2) Locating Pins, Bolts, 
and misc. items j 




x Autocollimator Plate 

Assy, 0* 


IA 


Auto collimator Plate 

Assy, 45* 

' 

IA 


Autocollimators (all) 


IA 

Use vendor supplied case. 

Auxiliary PTF 


IA 


Azimuth Reference Fixture 


IA 


Collimators (all) 


IA 

Use vendor supplied case. 

Containers, used for: 




1) Alignment Mirror Assy 

m 


' . 

2) Alignment Optical Tele¬ 
scope 

m . 


: .... 


L_ 


ST 


n 
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Nomenclature 

APPENDIX H 
Applicable Method of 
Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 


S) Azimuth Check Bar Assy 

m 



4) Collimator, SftH 




Simulator 

m 



5) Deflector, SAN 




Simulator 

m 



6) Map ft Data Viewer 

m 

» 


7) Optica Cleaner Kit 

m 



S) Optical Unit Assy 

m 



9) Photovolt Multiplier Assy 

m 



10) Polygon ft Mount Assy, 

m 



11) Retroreflecting Priam 

m 



12) Trunnion Mirror Aaay 

m 



13) Star ft Horizon Cert. f 

* 


* 

Fixture 

m 

P-- 


14) Yoke Poaitioning Fixture 

m 



Functional Tester 

' 

IA 


Functional Tester Mod 


IA 


GAN Fixture Stand 


IA 


GAN Installation Qualification 




Fixture 


IA 


GAN Installation Qualification 




Certification Fixture 


IA 


Map ft Data Viewer Tester 


IA 


Optics Cleaner Kit 


IA 

Use container 1022882-011 
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Nomenclature 

APPE 

Applicab 

Speci 

MIL 

NDK H 
le Method of 
fioation 
-P-116 

Special 

Remarks 


LevelB 

Level C 


OUA Lens Covers 

IA 



OUA Connector Covers 

IA 


- 

Precision Test Fixture 


IA 

Vendor supplied case for 
collimators and auto- 
oollimators 

Precision Test Fixture Mod 

' 

1 IA 

Vendor supplied case for 
collimators and autooolli- 
mators. 

Use oontainer 1019729 for 

Yoke Position Fixture. 

PTF Calibration Equipment, 
consisting of: . 

• 



1) Azimuth Check Bar Assy 


IA 

Use oontainer 1019756 

2) Polygon It Mount Assy 

' 

* IA 

Use oontainer 1019718 

3) Trunnion Mirror Assy 


IA 

Use oontainer 1019724 

4) Yoke Position Fixture 


IA 

Use oontainer 1019729 

Portable Light Assembly 


IA 


Retrorefleeting Prism 


IA 

Use oontainer 1019852-011 

Retroflecting Prism 
Certification Fixture 


IA 

• 

Star 6 Horizon Simulator 


IA 

Use oontainer 1019981-011 
for deflectors and oontainer 
1019957-011 for collimator 

Star & Horizon Simulator 
Certification Fixture 


IA 

Use oontainer 1001893 for 
Photovolt Multiplier Assy 
and oontainer 1019894-011 
for Certification Assy. 


U 
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APPENDIX III (Continued) 







Special 

Nomenclature 



Remarks 


Level B 

Level C 



Electroluminescent Digital Display Indicator 
Erasable Driver Module 


Pan, Exhaust, Ventilating, Etc, 
Field Welding Station 
Filter, Air 
Filter, RF 
Flange 

Flasher, Electronic Relay Type 

Fuse 


! 


Gasket, Teflon, lubber or Neoprene, Cork, Felt, Et^ 
Gated Flip Flop Module 


Hardware, Common 
Hardware, Peculiar 

Hose Assembly 


Indicator 

Indicator (Register 1,2,3) 
Indicator (Verb-Noun) 
Interface Couple Module 
Interface Module 
Interface Receiver Module 


IA 

IA 


IA 


III 

IA 

III 

IA 

III 


III* 

IA 


III 

IC 

III* 


IA 

IA 

IA 

IA 

IA 

IA 


III 


* Adequate protec¬ 
tion againat 
deformation 


* Seal or plug 
openings to pre¬ 
vent entrance of 
moisture, dirt or 
foreign matter 
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APPENDIX III 


The information required to complete this appendix shell be furnished by Raytheon 
Coopany. 


Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 

AC Input Panel 

IA 



Antenna Installation Kit 

IA 



Bracket, Painted, Plated or other 

III 



Protective Finish . 




Cabinet, Electrical Equipment, Complete 


III 


Cable, Cord or Wire Assembly 

IA 



Calibrator, Frequency 

IA 



Capacitor 

IA 



Circuit Breaker and Circuit* Breaker Assembly 

IA 



Clamp, Cable 

III 



Clock Module 

IA 



Coil, RF j 

IA 



Computer, Apollo Guidance 

II* 


* Ship in GFE 




container 1006230 

Computer Simulator 


III 


Computer Test Set 


III 


Containers, Shipping, Empty 


III 


Control and Interface Panel 

IA 



Cooling Unit 

IA 



Counter, Electrical or Mechanical 

.IA 



Counter, Frequency 

IA 



Coupling, Quick Disconnect 

IA 



Current Switch Module 

IA 



Decode Module 

IA 



Digital Recorder 

IA 



Digital to Analog Module 

IA 



Diode Module 

IA 



Driver Service Module 

IA 



Dummy Load 

IA 
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Nomenclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Remarks 

Level B 

Level C 

Jack, Tip 

IA 



Keyboard Module 

IA 



Knob 

III 



Lamp, Incendeecent, Pilot Indicator, Neon, Etc. 

III 



Logic Module Assembly 

IA 



Mein Display and Keyboard ! 

II* 


* Ship In GPE 




container 1006229 

Meter, All Types, Sealed 

III 



Meter, All Types, Unsealed * > 

IA 



Micrologic 

IC 



Motors 

4 

IA 



Navigation Display and Keyboard 

II* 


* Ship In GTE 




container 1006231 

Nor Module 

IA 



Operational Console (Use DSKYs and Computer) 


III 


Oscillator Module 

. IA 



Oscillator, BF, Sealed 

IA 


j , • 

Oecilloacope 

IA 



Power Supply 1 

IA 



Power Supply Control Module 

IA 



Power Switch Module 

IA 




If 


l_ 


’1 23 
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Applicable Method 

-a. 

Nomenclature 

of Specification 
MIL-P-116 

Special 

Remarks 

- 

Level B 

Level C 


Receiver, Phase Comparator 

Relay 

IA 

IA 

IA 

IA 

IA 

IA 

III 

IA 

IA 

IA 

IA 

IA 



Relay Bank Module 

Resistor, Fixed 

Resistor Module 

Resistor, Var. 



Ring, Retaining 

Rope Driver Module 



Rope Memory Module 

Rope Sense Amplifier Module 

Rope Strand Gate Module 

Rope Strand Select Module 1 

* ' ' 

Semiconductor Devices 


* Semiconductors 

IC* 

1 



which may be 
damaged by electro 

«■ 



magnetic or 
electrostatic 




| effects shall be ‘ 
Individually 
completely enc¬ 
losed In a non¬ 




magnetic elec¬ 




trical conducting 
material, such as 




lead or aluminum 

Simulation Co^uter 


Ill 

foil. 

Socket, Crystal, Electron Tube, Coll, Etc. 

Spring, Ferrous 

IA 

IA 

III 

IA 



Spring, Nonferrous 



**•*. Pr.a.urt and 




ie 


^4 
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Nomenclature 


Tape Punch Assembly 
Tape Reader Assembly 
Terminal, Feedthru, Standoff 
Tool, Extracting 
Tranelatora 




♦ 


|App 11 cable Method 

of pacification 

MIL-P-116 


Level B Level C 


pedal 

Remarks 


IA 

IA 

IA 

III 

IC* 


Tranelatora which 
may be damaged by 
electromagnetic or 
electroetatlc 
effecta shall be 
Individually and 
completely enc¬ 
losed in a non¬ 
magnetic electrical 
conducting material 
euch aa lead or. 
aluminum foil. 


Trane former, pen (Not Sealed) 
Traneformer. Sealed 
Tranaformer, Driver Module 


IA 

III 

IA 
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GENERAL SPECIFICATION 
FOR 

PRESERVATION, PACKAGING, PACKING AND CONTAINER MARKING OF 
APOLLO GUIDANCE AND NAVIGATION 
MAJOR ASSEMBLIES, ASSEMBLIES, SUBASSEMBLIES, PARTS AND 
ASSOCIATED GROUND SUPPORT EQUIPMENT 


Thia specification establishes the levels and methods of preservation, packaging and 
packing, and the marking of containers to be used fay the suppliers for shipment and 
storage of APOLLO Guidanee and Navigation Major Assemblies, Assemblies, Sub- 
assemblies, Parts and Associated Ground Support Equipment. 
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GENERAL SPECIFICATION 
FOR 

PRESERVATION, PACKAGING, PACKING AND CONTAINER MARKING OF 
APOLLO GUIDANCE AND NAVIGATION 
' MAJOR ASSEMBLIES, ASSEMBLIES, SUBASSEMBLIES, PARTS AND 
ASSOCIATED GROUND SUPPORT EQUIPMENT 


1. SCOPE 

1.1 PURPOSE. TUi specification establishes the levels and methods of per s er v atioa, 
p ac k a gin g and packing, and the marking of containers to be used by the suppliers (S. 2.2) 

for shipm e nt and storage of APOLLO Guidance and Navigation Major Assemblies, Assemblies, 
tabes sera biles, Parts and Associated Ground Support Equipment. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
this specification form a part of this specification to the e xtent specified herein. 


SPECIFICATIONS 

• 

Federal 


PPP-B-584 

Boxes, Folding, Papsrboard 

PPP-B-636 

Boxes, Fiberboard 

PPP-B-66S 

Boxes: Paperboard, Metal Stayed (including Stay Material) 

PPP-B-67S 

Boxes, Set-Up, Papsrboard 

Military 


MIL-P-11S 

Preservation, Methods of 

MIL-P-7 236 

Parts and Equipment, Procedures for Packaging of 

MlL-M-mO 

Missile Components; Liquid Oxygen, Liquid Nitrogen, 
Gaseous Oxygen, Gaseous Nitrogen, Instrument Air, 

Helium and Fuel Handling Systems; Cleaning and Packaging 
for Dslivery 


1 



ND1002214 


MIL-1-17555 Electronic and Electrical Equipment and Aaaociated 

Eepair Parte; Preparation for Delivery of 

STANDARDS 

Military 

MIL-STD-106 Sampling Prooedurea and Tablea for Inapection by Attributea 

MIL-STD-125 Marking for Shipment and Storage 

PUBLICATIONS 

American Society for Tenting Materials 

ASTM D 1596 Dynamic Properties of Package Cushioning Materials 

2.2 CONFLICTING REQUIREMENTS. The requirements established herein shall not void 
special oonoepts (see 6.2.1) involving handling, transportation, and p^^gin g determined 
neceaaary and developed complementary to the current design of the individual items to 
insure their overall capability for operational usage. 



S. REQUIREMENT! 


1.1 PRESERVATION AND PACKAGING (SEE 1.1.1) 

a. 1.1 Selection of Levi . Unlees otherwise specified in the contrsct er order, the leml 
of preservation and packaging shall be as stated in the following. 

a. Level B preservation sad packaging shall be used for all spares sad flight hardware 
systems sad for items to be stored for periods not e xc ee ding ISO days. 

b. Level C preservation and packaging shall be used for ground support equipment 
and for items intended for immediate use. 

S.l.S Methods of Preservation and Packaging 

9.1.2.1 Selection of Method . The level of preservation and packaging determined in 2.1.1 
and the item nomenclature shall be used to select the appropriate method of preservation 
and packaging from Appendix 1 for AC Spark Plug Electronics Div. of GM, Appendix Q for 
Kollsman Instrument Corp., and Appendix m for Raytheon Mfg. Co. When Level B preser¬ 
vation sad packaging is selected for an item not listed la the suppliers applicable appendix, 
the method of preservation shall be selected from Table 1 of Specification M1L-E-17555 or 
may bs upgraded at the discretion of the supplier. When Level C is selected for an item 
not listed in the suppliers applicable appendix, the method of preservation shall be at the 
discretion of the supplier. 

9.1.2.2 Submethods . Unless otherwise specified in the contract or purchase order, the , 
submethod of preservation and packaging shall bs at the discretion of the supplier. 

2.1.2.2 Method Accomplishment . The method of preservation shall be accomplished hi 
accordance with the applicable requirement of Specification MIL-P-116 and in addition, all 
items whose longest dimension is 2 ft or less shall have a contamination barrier per 
Specification M1L-M-0050, paragraphs 2.2, titled Preservation, and shall be capable el 
being op e n e d and reeealed at least 5 tlmesy w 1 ta the exception of the lxu # 

9.1.2.4 Cleaning. Items shall be cleaned prior to packaging or the application of preser¬ 
vatives in accordance with the applicable procedures of Specification MIL-P-114. 

9.1.9 Quantity Per Unit Package (QUP). The quantity per unit package (see 2.2. f) shall 
be determined by the suppliers established methods or in the event that a QUP has not been 
established, by tbs method described in 9.1.2.1. 

9.1.2.1 Method of QUP Determination . The QUP shall be based on the cost, weight, and 
cubic displacement of the item. Items listed in Appendix 1, those oosting $1.00 or mors, 
irregularly shaped items, or items of a delicate or fragile nature that do not lend themselves 
to multiple packs shall have a QUP of 1 each, except when items are furnished la pairs, sets, 
etc., the QUP shall be one pair, one set, etc., as applicable. The QUP for items not specified 
in Appendix I, H, or m shall bs calculated from the information contained in Table L 
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TABLE I 

QUANTITY PER UNIT PACKAGE 


UNIT C08T ($) 

CURE AND WEIGHT FACTOR 1 

QUP 

0.221 to 2.222 

Up toO. 01 cu ft 

Up to 0.01 lb 

12 

Inclusive 

2.01 to 1. 00 cu ft 

0.01 to 2.00 lb 

2 

9.600 to 2.222 

Up to 0.01 cu ft 

Up to 0.01 lb 

2 


0.01 to 1. 00 cu ft 

0.01 to 2.00 lb 

1 


2. 1.4 Intermediate Containers . When intermediate containers (see 6.2.6) are required 
lor the protection of Level B preservation and packaging, they shall conform to the require¬ 
ments of one ef the following specifications: PPP-B-666, PPP-B-634, PPP-B-662, or 
PPP-B-676. The gross weight of paperboard and flberboard intermediate containers shall 
not exceed 10 and 20 lb respectively. Closure of the container shall be in accordance with 
the applicable specification. Tor the protection of Level C preservation and packaging, the 
intermediate container selection shall be at the discretion of the supplier. 

2.2 PACKING (BEE 2.2.7) 

1.2.1 Sel ection of Level . Unless otherwise specified in the contract or order, the level of 
packing shall bo as follows: 

a. Level B packing shall be used for all spares and flight hardware systems to afford 
adequate protection to the items daring handling and multiple domestic shipments. 

b. Level C packing shall be used for ground support equipment to afford adequate 
protection to the items during shipment from the packaging activity to the first 
receiving activity for immediate use. This pack shall oonform to the applicable 
carrier rules determined by the mode of transportation and may be the p^«*ring 
activity's own commercial practice when such is suitable. 

2.2.2 Method Accomplishment 

2.2.2.1 Level B . Exterior containers shall he ef the domestic type and shall be capable of 

meeting only the rough handling requirements of Specification MIL-P-7924, 4.2.2 

titled Rough Handling Teste. 

2.2.2.2 Level C . All items or packages that require overpacking for acceptance by the 
carrier shall be packed in shipping containers in a manner that will insure safe transportation 
at the lowest rate to the point of delivery. The container shall meet or exceed the require¬ 
ments of the following rules and regulations, as applicable to the mode of transportation 
selected. 
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a. Postal Eegulatioaa 

b. Interstate Commerce Commission Regulations 

e. Civil Air Regulation Rules 

d. Consolidated Freight Classification Rules 

e. Truckers' Association Rulss 

f. Other applicable carrier rules 


1.3 MARKING. Markings shall bs consistent with the container else and shall be located 

to proride easy identification of the container oontents when tbs container is stored or stacked. 
The marking shall bs in a position where they shall not be destroyed or damaged when the 
container is opened or until the contents hare been used. 

3.3.1 Unit and Intermediate Container Markina . The following information shall bs marked 
on each unit and intermediate container: 

a. NASA drawing number and rerlsion letter 

b. Item nomenclature (short form) 

e. Quantity contained in package and unit of issue 

d. . Lerel of preservation and packaging and the date packaged 
s. Suppliers name 

f. Lot or 8erlal Number (as applicable) 

g. Contract number 

h. Equipment Shelf Life (See 6.2.10): The recommended reinspection date shall bs 
marked on each container as follows: 

H REINSPECT.(month/year)." 

3.3.3 Shipping Container Marking. In addition to toe marking specified in 3.3.1, each 
shipping container shall be marked with the following information: 

a. Lerel of packing (added to d of 3.3.1) 

b. Appropriate destination markings as: 

FROM: (Name of Supplier) 

(Address of Supplier) 

TO: (Name of Const^we) 

Addreas of Consignee) 

c. Aiqr shipping control numbers deemed by tbs supplier. 

3.3.3 Special Marking . Special markings on all unit, intermediate, and ^Mpp ing containers 
•hall be as deemed necessary by toe supplier. The following are examples of conditions for 
which special markings may bs used. 
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a. Special a«*«<i»g and storage instructions for equipment which is highly susoeptible 
to damage or degradation. 

b. Precautkmary markings, Indicating critical environments within the package, 
specified levels of cleanliness of the item, special temperature, humidity or 
pressure controls. 

c. Marking and labeling, or both, of dangerous materials shall be in conformance with 
Civil Aeronautics Board (CAB) or Interstate Commerce Commission (ICC) regulations 
in effect at time of shipment. 

I. S. 4 Method of Marking . The marking of all containers shall be accomplished using labels, 
tags, stenciling or any method insuring that the requirements of 3.1 will be met. The basic 
materials used in accomplishing the marking requirements shall be ess ent iall y co mp a t i b l e 
with those prescribed in Standard MIL-STD-12S. 

3.4 PACKAGE DESIGN RECORD . The supplier shall maintain reoords on the supplier's 
format of all package designs which shall be made available for review upon request of NASA. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The supplier shall bs responsible lor the psrformanos of all foe quality 
assurance provisions specified heroin. Inspection records of the examinations and tests 
shall be kept complete and available for review qpon request of NASA. 

4.2 CLASSIFICATION OF TESTS. The inspection and testing of ths preservation, packaging, 
and packing shall be classified as follows: 

a. Qualification tests, those tests conducted prior to production eg p r oto ty pe packs . . 
(see 4.2. •) to determine the capability of the design to meet the test requirements 
of this specification. 

b. Acceptance tests, those tests conducted during production te incurs continued 
compliance with the requirements of this specification. 

4.2 QUALIFICATION TESTS. The qualification tests of 4.6 shall be performed only at 
foe request of NASA and only when none of foe provisions in foe following list exist. Tests 
requested by NASA shall be performed at the suppliers facility using NASA owned items 
within the pack. The tests shall be in accordance with 4.6 followed by foe applicable 
package test of Specification MIL-P-116. The failure of any portion of the pack to meet 
the requirements of this specification shall be cause for rejection. Urn cost of any qualifi¬ 
cation testing shall be subject to separate negotiations. 

a. Packing is Level C 

b. Detailed packaging and packing instructions furnished by NASA 

e. The supplier can produce proof through test data (such as that obtained using A8TM 
Procedure D1596) font the materials and concepts used in foe package design are 
adequate to protect the item against foe applicable rough handling tests of Specification 
MIL-P-7936 for Level B packs. 

d. The supplier can produce satisfactory evidence of previous compliance with the type 
of test requirements of this specification using similar methods on identical items or 
items having similar physical characteristics. 

4.4 ACCEPTANCE TEST SAMPLING 

4.4.1 Examination of Product . A random sample of packs shall bs selected from each lot 
(see 6.2.9) in accordance with Standard MIL-8TD-105 at Inspection Level 1 and an Acceptance 
Quality Level (AQL) of 4.0 percent defective. 

4.4.2 Cleaning. Preservation, and tJnit Process Testa . A sample of iiaii be randomly 
selected from each lot in accordance with Standard MlL-STD-lOft at Inspection Level S-S. The 
acceptable number of defects shall be aero for sample sixes up to and t*^i«^ting 7. In all other 
cases ths AQL shall be 4.0 percent defective. 
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4. S ACCEPTANCE TESTS. Acceptance teeta ehall be the teste of 4. f. 1 end 4. i. t. These 
teste shell be performed on complete pecks submitted for acceptance as stated ia 4.4. 

4.S TEST METHODS 

4.6.1 Examination of Product . The packages shall be examined to determine compliance 
with the applicable requirements of Section 2 of this specification. 

4.4.2 Cleaning. Preservation, and Unit Protection Process Tests . Tests of cleaning, 
preservation, and unit protection processes shall be performed ia accordance with the 
applicable tests of Specification MIL-P-116 for the method of preservation selected in S. 1. 

4.6.2 Vacuum Retention Test . The flexible barrier enclosing an Item shall be sealed, except 
for an opening in the seam at one oorner to accomodate a tube or pipe which is connected to 
the vacuum prochiclng apparatus (aspirator or vacuum pump). A sufficient vacuum shall be 
drawn to cause the flexible barrier to cling snugly to the enoloeed item. Cars shall be exer¬ 
cised to insure that an excessive amount of vacuum, which might cause puncture or rupture 

of the barrier, is not applied. Without releasing the vacuum, the final opening ia the barrier 
shall be sealed. The barrier eacloeed package shall remain undisturbed at room temperature 
for 4 hours. The package shall then be examined to determine that no degradation of original 
tantnose exists. 

4.2.4 Bough Handling Tests . The rough handling tests for Level B packs shall be in accordance 
with Specification MIL-P-7936. 

4.7 REJECTION AND RETEST. Rejected lots may be reoffered for examination and totting 
providing the supplier certifies that the rejected lot has been reworked fay 100 percent screening, 
and that all nonconforming items have been removed. A report concerning the previous rejection 
and action taken to correct the defects shall accompany each resubmitted lot. 

6. PREPARATION FOR DELIVERY. This section is net applicable to this specification. 

6. NOTES 

6.1 INTENDED USE. This specification is intended to be used as direct reference for 
establishing design requirements of APOLLO pres e rvation, packaging, packing, and container 
marking. 

6.2 DEFINITIONS. For the purpos e of this specification dm following definitions apply. 

5. 2.1 Special Concept . A package shall be regarded as special oonoept when the supplier 
uses materials, procedures, or containers which either do not oonform to any awiattng 
specification or standard, or are modifications of existing specifications er standards, er 
conform to a performance specification but include special features such as thermal insulation, 
co m bi n ed materials h a ndlin g and packaging capability, unique shock absorbing system, etc. 

Other factors of special design to be considered because of characteristics but 
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are not limited to, unusual slat, weight, or weight distribution; requirements for protection 
to a specifically stated value of acceleration; requirement for controlled shipping and storage 
temperature or pressures; requirement for protection against restrictive or corrosive 
atmospheres. 

6.2.2 Preservation and Packaging . Application or use of adequate protective measures 
to prevent deterioration from environmental and physical hazards. This shall include, as 
applicable, the use of appropriate cleaning and drying methods, preservatives, protective 
wrappings, cushioning, interior contai ne rs and complete identification marking, up to but 
not including the exterior container except when the unit container is also the shipping 
container. 

6.2.3 Supplier . The supplier shall be AC Spark Plug, The electronics Division of General 
Motors, Kollsman Instrument Corp., or Raytheon Mfg. Co. 

6.2.4 Items . Items shall include major assemblies, assemblies, subassemblies, or parts 

as applicable. Items shall be defined as any assembly, subassembly or part te which preserva¬ 
tion, packaging, or packing is applied. 

6.2.5 Unit Package . The first tie, wrap, or container, applied to a single item or a multiple 
thereof, or a group of items of a single stock number preserved or unpreserved, which involves 
a complete or Identifiable package suitable for packing inside a shipping container, or items not 
held by a tie, wrap or container, preserved or unpreserved, that are individually identified and 
placed directly into an intermediate package or exterior shipping container. 

€.2.6 Intermediate Container . The intermediate container is an interior container which 
contains two or more unit packages of Identical items. 

6.2.7 Packing . Packing includes the insertion of unit or intermediate packages or unpaokaged 
material into a shipping container and the application, when required, of bracing, blocking, 
cushioning and waterproof barriers to provide adequate protection during shipment and handling. 
Packing is completed with the final closure, strapping and marking of the shipping containers. 

6.2.6 Prototype Pack . For the purpose of this specification, a prototype pack shall be a 
pack identical to that intended as a production item, but tested to insure its capabilities 
prior to production packing. 

6.2.9 Lot . For purposes of this specification, a.lot shall oonsist of all packs of the same 
style, else, and type that are intended for use with the same end items, manufactured under 
tiie same conditions with identical materials, and submitted for acceptance at one time. 

€.2.10 Equipment Shelf Lite . The equipment shelf life date shall be the date of the first 
recommended inspection or test and shall not be the storage life of the aging as specified 
in 3.1.1. 
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The information required to complete tkia Append bi ehali be furnished by AC Spark Pli«, 
The Electronics Division of Q. M. 

METHODS OF PRESERVATION AND PACKAGING 


Nomenclature 


Applicable Method 
of Specification 
MIL-P-116 


Level B Level C 


Special 

Remarks 


Accessories 

AC Differential Amplifier G/8 Assembly 
AC Power Protection Panel Assembly 
AGC Calibration System Console Assembly 
AGE Coolant and Power Console 
AGE Interconnect Harness and PSA End Connector 
Assembly 

Alignment Mirror Assembly 
Autocollimator 


Battery Power Pack 

Binaiy Current Switch Computer Output Assembly 
Buffer Circuit Module Assembly 


Cable Interconnect 

CDU and Gyro Accelerometer Electronics Assembly 
Tray 5 

CDU and Power Supply Electronics Assembly Tray 6 
CDU D to A Converter Module Assembly 
CDU Fixed Resolution Transformation and Entry 
Mode Assembly 

CDU Resolver Loads Module Assembly 
CDU Zeroing and Lock Relays Assembly 
CDU Zeroing Transformer Relays and Entiy 
Relays Assembly 
Centrifugal Fan Assembly 
Coaxial Distribution Panel Assembly 
Computer Simulator Drawer Assembly 
Cosecant Generator Module Assembly 
Counter Assembly 

Coupling Display Frame and Panel Assembly 
Coupling Display Unit Assembly *" 

Crossbar Switch Assembly 
Current Source Monitor 


I IA 
IA 
IA 


IA 


IA 

IA 


IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

IA 


m 

m 


m 

m 


m 


m 






APPENDIX I (Continued) 


Nomenclature 


Applicable Method 
of Specification 
MIL-P-116 


Level B Level C 


I 


Special 

Remarks 


D and C Electronics Assembly 

IA 


DC Differential Amplifier and PVR Assembly 

IA 


Degausser 


m 

Digital Recorder Assembly 

IA 


Digital Voltmeter Assembly 

IA 


Display and Control Group 

IA 


Dual Beam Oscilloscope Assembly 

IA 


Electrical Equipment Cabinet Assembly 

Electrical Equipment Cabinet Assembly, Optics- ! 


m 

Inertial Analyzer Assembly 


m 

Electronics Power Supply Assembly 

IA 


Encoder Module Assembly 

IA 


Failure Indicator Module Assembly 

IA 


Filling and Purging Fixture 


m 

Forward Backward Counter and Computer 

Output Assembly 

IA 


Galvanometer Assembly 


m 

G and N Harness Handling Shipping Fixture 


m 

G and N Indicator Control Panel Assembly 

IA 


G and N Mounting Fixture 


m 

G and N Subsystem Supply Filter Module Assembly 

IA 


G and N Transportation Cart 


m 

Gimbal Coarse Align Amplifier Module Assembly 

IA 


Gimbal Position Control Drawer Assembly 

IA 


Gimbal Servo Amplifier Module Assembly 

IA 


Gimbal Servo Electronics Assembly Trey 1 

IA 


GSE Junction Box Assembly 


m 

GSE - PSA Junction Box Assembly 


m 

Guidance Computer 

Guidance Computer Display and Control "Panel 

IA 


Assembly (LEB) or (MEB) 

IA 


Guidance Computer Group 

■ 



♦Ship in GFP 
container 
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APPENDIX I <CoeUeeed) 



Applicable Method 



of Specification 

Special 

Nomenclature 

MIL-P-116 

Remarks 


Level B 

Level C 



Guidance Computer Shipping Container 

Guidance Computer Test Set 

Guidance System Assembly Power Supply 

Gyro and Accelerometer Electronics Assembly Tray 3 

Gyro and Accelerometer Electronics Assembly Tray 4 


Horizontal Reference Alignment Bar 


IMU and CDU Load and Signal Simulator Assembly 
1MU CDU Load Compensation Module Assembly 
IMU Control Panel Assembly 
IMU Fixture Alignment Bar Set 
IMU Mounting Fixture Alignment Tool 
IMU Mounting Fixture Assembly 
IMU Pressure Seal Tester 
IMU Slipping Container 
IMU Snap-on Bellows 
IMU Temp Controller Assembly 
IMU Temperature Indicator Alarm and Back-up 
Controller Assembly 

Inertial Components Temperature Controller Assembly 
Inertial Measurement Unit Assembly 

Integrator Motor Drive Preamplifier Module Assembly 
Interrogator Assembly 
Isolation Transformer 


Lamps, Back Up Mode Assembly 


Map and Data Viewer Assembly 
Miscellaneous Electronics Assembly Tny 7 
Monitor Oscilloscope Assembly 
Monitor Panel Assembly 

Motor Drive Amplifier and Selector Circuit Assembly 
Motor Drive Amplifier Module Assembly 


IA 

IA 

IA 


IA 

IA 

IA 


IA 

IA 

s 

IA 

IA 

IA 


IA 


IA 

IA 

IA 

IA 

IA 

IA 


m 

m 


m 


m 

m 

m 

m 

m 

m 

m 

m 


* Ship in GFI 
Container 
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APPENDIX I (Continued) 


Nomenclature 


Navigation Base and Optical Unit Assembly 

Navigation Base and Optical Unit A s se m bly 
Shipping Containers 
Navigation Base Frame Assembly 


Optical Base Assembly 

Optical Electronics Assembly Tray 8 

Optical Electronics Assembly Tray 9 

Optical Unit Assembly 

Optics Checkout Kit 

Optics-Inertial Analyzer 

Optics-Inertial Test Set 

Optics Navigation Base Mounting Fixture 

Optics Shroud and Cover Assembly 

Optics 800 CPS Compensation Module Assembly 

Oscillograph Amplifier Assembly 

Oscillograph Assembly 

Oscillograph Console Assembly 

Oscillograph Control Assembly 

Oscillograph Electric Pin Control Assembly 

Oscillograph Signal Selector Assembly 


Phase Angle Voltmeter Assembly 

Phase Shift Assembly 

P1PA Calibration Assembly 

PIPA - Gyro Back-up Mode Electronics Assembly 

Portable Temperature Controller Assembly 

Power and Servo Assembly 

Power Supply and Load Panel Assembly 

Power Supply Electronics Assembly Tray 8 

Primary Signal Selector Assembly 

PSA Holding Fixture Assembly 

PSA Test Point Adapter Assembly ** 

PSA Tray Extender Set 

Pulse Torque Gyro Calibrate Assembly 

Pulse Torquing Power Supply Module Assembly 


Applicable Method 
of Specification 

MIL-P- 

116 

(Level B 

Level C 

e 

m 

LA 


XA 


IA 


IA 


IA 

m 

IA 

m 


m 

IA 


IA 


IA 


IA 

m 

IA 


IA 


IA 

; 

t 

IA 


IA 

m 

IA 

m 

IA 


IA 


IA 


IA 

m 


m 

IA 

m 

IA 



Special 

Remarks 


♦Ship in GFP 
container 
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Applicable Method 


of Specification 

Nomenclature MIL-P-116 


Level B I Level C 


Relay and Lamp Power Supply Assembly IA 

Relay Module Assembly IA 

Remote Optics Controller Assembly m 

Remote Optics Controller Assembly III 

Resistor and Capacitor Module Assembly IA 

Resolver Drive Amplifier Module Assembly IA 

Retro Reflector IA 

Rotary Table Calibration Set m 

Scanning Telescope Assembly IA 

Scanning Telescope Bellows Assembly IA 

Servo Motor Drive Preamplifier Module Assembly IA 

Sextent Assembly IA 

Sextent Bellows Assembly IA 

Signal Generator Assembly IA 

Temperature Monitor and Control Assembly m 

Ternary Current Switch Computer Output Assembly IA 

Test Control Assembly IA 

Test Selector Assembly IA 

Theodolite m 

Two Speed Switch Module Assembly IA 

Ultra Precision Rotary Table IS 

Zero Optics Module Assembly IA 

25.6 KC Encoder Excitation Power Supply Assembly IA 

-28 VDC Power Supply Module Assembly IA 

800 CPS AAC Filter and Multivibrator Module Assembly IA 
800 CPS, 1% Amplifier Module Assembly IA 

800 CPS, 5% Amplifier Module Assembly IA 

3200 CPS AAC Filter and Multivibrator Assembly IA 

3200 CPS, 1% Amplifier Module Assembly IA 

3200 CPS, 20V Temperature Controller Power Supply 
Module Assembly IA 
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Optical Subassembly 
Bass Optical, Finished 
Base Optical, Assembly 
Counter, Angle 
Differential 

Dots Prism and Mount Ass'y 
Eyeguard Assembly 
Filter, Polarization 
Flexprlnt and Connector 
Assembly 

Holder and Lens Assembly 
Housing, SXT Head Assembly 
Indexing Mirror and Mount 

Assembly 

Lens, Assemblies (all) 

Lens, Holder Assembly 
Limit Stop Assembly 
Mirror, SXT Head 
Motor, Servo 

Panel and Insert Assembly 
Plate, bearing and pin 
Assembly 

Resolver IX; 6iiX; 1 A 6I4JC 
Assembly 

Retiole, Assembly 

Shaft, Drive Gear and Pin 

Assembly 

Splitter, Beam 

Support, Dove Prism Ass'y 

Trunnion, Gear Assembly 

Tube, Telesoope Outer Ass'y 

Tube, Telesoope Assembly 

Unit, Optical 



Special 

Remarks 


Shipping/Storage Container 
(Only) 

Optical Unit Spaoe Component 
Parts and subassemblies, 
not listed above 


15 






APPENDIX II 



B. Nap and Data Viewer 1A 


Module, Amplifier 1A 

Motor, Generator 1A 

Motor, Servo 1A 

Mirror, Large 1A 

Mirror, Small 1A 

View, Screen 1A 

Shipping/Storage Container 
(Only) HI 

M and DV Spare Component 
Parts and Subassemblies 
not listed above 1A 


Special 

Remarks 


Shipping/ 
Storage Use 
Container 
#1019721 






APPENDIX II 


Nome no la tu re 

Applicable Method 
of Specification 
MIL-P-116 


_Level_ 


A 

B 

C 

C. Ground Support Equipment 
Adjustable Mirror 



1A 

Adjustable Mirror Assembly 
Autoeollimators 



1A 

1A 

Autoeolllnator Plates 

Azimuth Reference Fixture 
Functional Tester 

GAM Install. Qual. Fixture 
MDV Tester 

Precision Test Fixture 

Shaft Aeouraey Tester 

Short Periscope 

Theodolites 



1A 

1A 

IK 

IK 

Ik 

Ik 

Ik 

Ik 

Ik 

Tooling Bar 

Variable Deviation Wedge 



IK 

Ik 

Short Periscope Ass'y Fixture 

GSE Spare Component Parts 
and Subassemblies 


1A 

Ik 

p 


j 

| 



Special 

Remarks 


Use vendor 

supplied 

shipping 

ease 

Use vendor 

supplied 

shipping 

oase 


Use vendor 

supplied 

shipping 

oase 

Use vendor 

supplied 

shipping 

ease 
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APPENDIX III 


The inforaation required to coaplete this appendix shall be furnished by Raytheon 
Coapany. 


Noaanclature 

Applicable Method 
of Specification 
MIL-P-116 

Special 

Raaarka 

Level B 

Level C 

AC Input Panel 

IA 



Antenna Installation Kit 

IA 



1 

Bracket, Painted, Plated or other 

III 



Protective Finish 




Cabinet, Electrical Equipment, Coaplete 


III 


Cable, Cord or Hire Aaseably 

IA 



Calibrator, Frequency 

IA 



Capacitor 

IA 



Circuit Breaker and Circuit Breaker Aaseably 

IA 



Claap, Cable 

III ! 


Clock Module 

IA | 


Coll, RF 

IA ! 


Coaputer, Apollo Guidance 

II* 

* Ship In GFE 



container 1006230 

Coaputer Slsulator 


III 


Coaputer Test Set 


III 


Containers, Shipping, Eapty 


III 


Control and Interface Panel 

IA 


Cooling Unit 

IA 



Counter, Electrical or Mechanical 

IA 



Counter, Frequency 

IA 



Coupling, Quick Disconnect 

IA 



Current Switch Module 

j 

IA 



' 

Decode Module 

IA 



Digital Recorder 

IA 



Digital to Analog Module * 

IA 



Diode Module 

IA 



Driver Service Module 

IA ! 


Duaay Load 

IA j ‘ 

| 
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APPENDIX III (Continued) 



Applicable Method 
of Specification 

Special 

Nonanelature 

MIL-P 

-116 

Remarks 





Electroluninescent Digital Display Indicator 

IA 



Erasable Driver Nodule 

IA 



Pen, Exhaust, Ventilating, Etc. 

Field Welding Station 

IA 

III 


Filter, Air 

III 



Filter, RF 

IA 



Flange 

III 



Flasher, Electronic Kelay Type 

IA 



Fuse 

III 



Gasket, Teflon, lubber or Neoprene, Cork, Felt, Etc 

III* 


* Adequate protec* 




tlon against 
datamation 

Gated Flip Flop Module 

IA 



Hardware, Connon 

III 



Hardware, Peculiar 

IC 



Hose Assembly 

III* 


* Seal or plug 




openings to pre¬ 
vent entrance of 




noisture, dirt or 
foreign natter 

Indicator 

IA 



Indicator (Register 1,2,3) 

IA 



Indicator (Verb-Noun) 

IA 



Interface Couple Module 

IA 



Interface Module 

IA 



Interface Receiver Module 

<*• 

IA 

! ; 

i_ 
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APPENDIX III (Continued) 
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Receiver, Phase Comparator 
Relay 

Relay Bank Module 
Resistor, Fixed 
Resistor Module 
Resistor, Var. 

Ring, Retaining 

Rope Driver Module 

Rope Memory Module 

Rope Sense Amplifier Module 

Rope Strand Gate Module 

Rope Strand Select Module 


IA 

1A 

1A 

1A 

1A 

1A 

Ill 

IA 

IA 

IA 

IA 

IA 


Sesilconductor Devices 


IC* 


Simulation Computer j 

Socket, Crystal, Electron Tube, Coil, Etc. 

Spring, Ferrous | 

Spring, Monferrous j 

Switch, Rotary, Toggle, Knife, Push, Pressure and j 

Wafer , I 


IA 

IA 

III 


* Semiconductors 
which may be 
damaged by electro 
magnetic or 
electrostatic 
effects shsll be 
Individually and 
completely enc¬ 
losed in a non¬ 
magnetic elec¬ 
trical conducting 
material, such as 
lead or aluminum 
foil. 


IA 
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APPENDIX III (Continued) 



Applicable Method 



of Specification 

Special 

Nomenclature 

MIL-P- 

116 

Remarks 


Level B 

Level C 


Tape Punch Assembly 

IA 



Tape Reader Assembly 

IA 



Terminal, Feedthru. Standoff 

IA 



Tool, Extracting 

III 



Traneistore 

IC* 


» Translators which 




may be damaged by 
electromagnetic or 
electrostatic 




effects shall be 




individually and 
completely enc¬ 
losed in a non¬ 
magnetic electrical 
conducting sMterlal 
such as lead or 
aluminum foil. 

Tranaformer. Open (Not Sealed) 

IA 



Transformer, Sealed 

III 



Transformer, Driver Module 

IA 



1 

1 
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APOLLO 

G ft I SPECIFICATION 
ND 1002219 

PROCESS SPECIFICATION 

for 

BONDING WITH A NON-RIGID EPOXY ADHESIVE 

SCOPE 

1 # 1 This specification establishes the proeess requirements 
for bonding with a non-rigid, two-component, epoxy 
adheslTe (RASA Drawing 101154U* 

APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue in effeet on the 
date of Inrltation for bids, form a part of this 

. specifioation to the extent specified herein: 

FEDERAL SPECIFICATIONS 

0-C-265 Chemicals, Analytical; General Specification 
for 

0-8-99$ Sodium Dichromate, Technical Grade 

(Sodium Bichromate) Sodium Dichromate 
Dihydrate 

O-S-809 8ulfurlo Add, Technical 

O-T-236 Tetrachloroethylene (Perehloroethylene); 
Technical Grade 

MILITARY STANDARDS 

MIL-STD-171 Finishing of Metal and Wood Surfaces 
NASA DRAWINGS 

1011541 AdheslTe, Epoxy 

REQUIREMENTS 

3.1 Materials 
3.1.1 AdheslTe 

The adheslTe shall eonslst of two components: t base 
resin "B" and a hardener-accelerator "A", meeting the 
requirements of NASA Drawing 1011541* 


APOLLO 


a AN SPECIFICATION 
1002219A 


3.8 Quality of bond 

3.8.1 The bonded assembly shall show no indications of improper 
alignment or warpage. 

3.8.2 Exuded adhesive (flash) shall be present at the edges of 
the joint. If none is present, the adhesive was probably 
used in insufficient amount or poorly cured. 

3.8.3 Exuded adhesive (flash) shall not be soft and porous. 

If it is soft and tacky, the adhesive was undercured. If 
it appears burnt and bubbly, the adhesive was overcured. 

3.8.4 The adhesive at the assembly joint shall be free of 
crazing and voids. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibilities 

4.1.1 The responsible manufacturing supervisor shall make 
certain that all operations specified herein are 
performed by qualified personnel having a working 
knowledge of the equipment and procedures outlined in 
this specification. 

4.1.2 The responsible Quality Assurance department shall 
establish in-process inspection or surveillance pro¬ 
cedures to make certain that the procedures outlined 
herein are performed in accordance with this specification. 

4.2 Inspection 

4.2.1 The appropriate Inspection facility shall check 
component container for shelf life markings. Materials * 
which fail to meet the requirements of paragraph 

3.1.1.3.A shall not be used. 

4.2.2 The oleaning of the adherends; the mixing of the 
adhesive components; the application of the adhesive; 
the assembly of the parts to be bonded; and the curing 
of the bonded assembly shall be controlled to insure 
compliance to this specification. 

4*2.3 Materials, equipment and workbench shall be visually 
inspected to insure that they are clean and free of 
contamination. 


APOLLO 


6 AN SPECIFICATION 
ND 1002219 


3.6 Curln 


3.6.1 When necessary, mount the parts to be assembled In a 

suitable curing fixture to prevent movement of the parts 
during the curing operation. 


The fixture pressure applied continuously and uniformly 
on the assembled parts shall be 2 to 5 pounds per 
square inch, unless otherwise specified on the assembly 
drawing. 


3.6.2 Cure the bonded parts using one of the following methods: 

3.6.2.1 Cure at 77° ± 5° F (25° * 2°C) for a minimum of 
24 hours. 


3.6.2.2 Cure at 150° t 5°P (66° ± 2°C) for 2 hours. 

3.6.2.3 Cure at 200° t (93° * 2°C) for 45 to 60 minutes. 


3.7.1 After curing and inspection of exuded adhesive, the 

excess adhesive shall be removed by grinding or sanding. 
Do not remove the excessive adhesive if it is allowable 
as indicated on the assembly drawing. 


3.8.1 The bonded assembly shall show no indications of improper 
alignment or warpage. 


3.8.2 Exuded adhesive (flash) shall be present at the edges of 
the joint. If none is present, the adhesive was probably 
used in insufficient amount or poorly cure'’. 


3.8.3 Exuded adhesive (flash) shall not be soft and porous. 
If it is soft and tacky, the adhesive was undercured. 
If it appears burnt and bubbly, the adhesive was over¬ 
cured. 


3.8.4 The adhesive at the assembly joint shall be free of 
crazing and voids. 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibilities 

4.1.1 The responsible manufacturing supervisor shall make 
certain that all operations specified herein are 
performed by qualified personnel having a working 
knowledge of the equipment and procedures outlined 
in this specification. 

4.1.2 The responsible Quality Assurance department shall 1 
establish in*process Inspection or surveillance 
procedures to make certain that the procedures 
outlined herein are performed in accordance with 
this specification. 

4*2 Inspection 

4*2.1 The appropriate inspection facility shall check 
component container for shelf life markings. 

Materials which fall to meet the requirements of 
paragraph 3.1.1.3.A shall not be used. 

4.2.2 The cleaning of the adherends; the mixing of the 
adhesive components $ the application of the adhesive; 
the assembly of the parts to be bonded; and the curing 
of the bonded assembly shall be controlled to insure 
compliance to this specification. 

4.2.3 Materials, equipment and workbench shall be visually 
inspected to insure that they are clean and free of 
contamination. 

4*2.4 Surfaces to be bonded shall be visually inspected 

prior to application of adhesive to insure that they 
are chemically clean and free of contamination (films, 
paints, lacquers, primers, grease, oil, wax, rust, 
scale and other contaminants). 

4*2.5 The bond shall be visually inspected to insure 
compliance with paragraph 3.8. 

4.2.6 The responsible Quality Assurance department, may, at its 
option, require destructive testing and inspection of 
bonded assemblies or specimens fabricated from the 
bonded assemblies. 
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4*2*6*1 The test prooedure shall consist of subjecting 
the bonded assembly or test specimen to the 
anticipated environment for a relatively short 
time, then stressing it to failure in that 
environment and noting the stress at which it 
failed* 

4.2.6.2 If necessary, the test may be shortened by 

eliminating all environmental conditioning provided 
that the procedure yields results that exhibit a 
strong correlation with the results obtained in 
full scale tests* 

4*2.7 Additional Quality Assurance provisions shall be 
established by the responsible Quality Assuranoe 
department when such provisions are deemed necessary 
to assure conformance to this specification* 


5. PREPARATION FOR DELIVERY 

5*1 This section is not applicable to this specification* 


6. NOTES 

6*1 Intended use 

6*1.1 This specification is intended for use for bonding 

aluminum, steel, corrosion-resisting steel, beryllium, 
copper and its alloys, ceramics, glass, polyester, 
phenolic and polycarbonate when a non-rigid bond is 
desired. 

6.1.2 The adhesive has a serviceable temperature range of 
-40°F to 35>0°F (-40° to 177°C). 
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PROCESS SPECIFICATION 
FOR 

BONDING WITH A NON-RIGID EPOXY AEHESIVE 


Dlls specification covers the process requirements for 
bonding with a non-rigid, two-component, epoxy adhesive, 
where good adhesion and non-rigidity are required. 
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PROCESS SPECIFICATION 
FOR 

BONDING WITH A NON-RIGID EPOXY ADHESIVE 

1. SCOPE 

1.1 This specification establishes the process requirements 
for bonding with a non-rigid, two-component, epoxy 
adhesive (NASA Drawing 1011541)• 

2. A P PLICA BUS DOCUMENTS 

2.1 The following documents, of the Issue in effect on the 
date of Invitation for bids, form a part of this 
specification to the extent specified herein: 

FEDERAL SPECIFICATIONS 

O-C-265 Chemicals, Analytical; General Specification 
for 

O-S-595 Sodium Dichromate. Technical Grade 

(Sodium Bichromate) Sodium Die hr ornate 
Dihydrate 

0-S-809 Sulfurlo Acid, Technical 

O-T-236 Tetrachloroethylene (Perchloroethylane); 
Technical Grade 

MILITARY STANDARDS 

MIL-STD-171 Finishing of Metal and Wood Surfaces 
NASA DRAWINGS 

1011541 Adhesive, Epoxy 

3. REQUIREMENTS 

3.1 Materials 

3.1.1 Adhesive 

The adhesive shall oonslst of two components: a base 
resin n B" and a hardener-aocelerator "A", meeting the 
requirements of NASA Drawing 1011541* 
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3.1*1.1 Base - The base resin "B" shall be off-white in 

color, having the consistency of a soft paste, and 
nee ting the requirements of 1011541-1 • 

3.1.1.2 Hardener - The hardener-accelerator "A" shall be 
dark gray in color, having the consistency of a soft 
paste and meeting the requirements of 1011541-2. 

3.1.1.3 Shelf life - 

A. Each component, the base (resin) "B” and the 
hardener (accelerator) n A n shall have a minimum 
shelf life of 6 months (180 days), when stored 
in an unopened container at 80°F (27°C) or lower. 
Each container of part "A" (1011541-2) and w B n 
(1011541-1) shall be marked by the manufacturer 
with the date of manufacture (month and year) 

and the shelf life. 

B. Materials which have exceeded the shelf life 
requirements outlined in paragraph (A) shall 
not be used. 

C. After use, both components* "A" and "B" shall be 
stored in closed containers, in an area meeting 
the requirements of para^aph (A). 

3.1.2 Methyl-Ethyl-Ketone (MEK) per Federal Specification 

0-C-265 to be used as a clean-up solvent for the uncured 

adhesive. 


3.1.3 Oaklte 164 or equivalent alkaline cleaning compound. 

3.1.4 Sodium dlchromate, technical grade (sodium bichromate) 
sodium dlchromate dlhydrate per Federal Specification 
O-s-595 to be used in the chromio acid bath in the 
surface preparation of the adherends. 

3.1.5 Sulfuric acid, technical, per Federal Specification 
0-S-809, Type I, Class 2 for use in the chromio acid 
bath in the surface preparation of the adherends. 

3.1.6 Tetrachloroethylene (perchloroethylene); technical grade, 
per Federal Specification 0-T-236 for use in vapor 
degreasing of adherends. 


3.2.1 Curing ovens - capable of maintaining temperatures of 
150° ± 5°F (66° ± 2°C), 175°F (80°C) and 200° ± 5°F 
(93° ± 2°C). 
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3.2.2 Balance scale - accuracy ± 1 % of the full range of the 
scale. 

3.2.3 Adhesive mixing containers - made of glass, aluminum or 
corrosion-resisting steel. 

3.2.4 Mixing spatulas made of glass, aluminum or corrosion- 
resisting steel. 

3 .2.5 Suitable fixtures to hold the parts in place during the 
curing operation, when necessary. 

3*2.6 Exhaust hood 

3.2.7 Protective gloves 

3*2.8 Clean lint-free cloth 

3*2.9 Suitable equipment and tools for sanding, grinding or 
brushing for mechanical cleaning of adherends. 

3.2.10 Suitable tubs for containing the cleaners used in the 
surface preparation of the adherends. 

3*2.11 Suitable vapor degreaser for use with 0-T-236 fluid 
for the surface preparation of the adherends. 


3.3 Preparation of the adhesive 


3*3*1 Handling instructions; 


3*3*1*1 The adhesive components contain ingredients which are 
capable of producing skin irritations, skin and eye 
burns, sensitisation and dermatitis. Avoid skin 
contact with either of the two components. If skin 
contact occurs, remove the adhesive with methyl-ethyl- 
ketone (MEK) or rubbing alcohol followed by a thorough 
washing of the affected skin. Prevent contact with 
eyes or clothing and avoid Ingestion and inhalation 
of fumes. Remove contaminated clothing and wash 
before reuse. 


3*3*1*2 When preparing the adhesive the use of disposable 
plastic gloves is required. 

3.3*1*3 The adhesive shall be prepared in a well ventilated- 
area, preferably under an exhaust hood. 
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3.3.2 Mixing ratios; 

3.3.2.1 The adhesive shall be mixed in the ratios indicated 
below, using the equipment and materials specified 
in paragraphs 3*1 and 3*2. 


Adhesive 

Component 


Parts by 
Weight 


Base (resin) B 

(1011541-1) 100 


Hardener (accelerator) A 

(1011541-2) 140 


3.3.2.2 Thoroughly mix together the two components until 
there are no traces or streaks, visible to the 
unaided eye of unmixed base-resin (off-white) or 
hardener-accelerator (dark gray). 


The adhesive shall be mixed slowly to avoid entrap¬ 
ment of air bubbles. 


When properly mixed, the components blend to a 
uniform medium to light gray color. 


3.3.3 Working 


3.3.3.1 3be working or pot life of 100 grams (3.5 ounces) 
of the mixed adhesive is approximately 2 hours at 
77°P (25°C). 


Surface preparation (cleaning) of adherends 


3.4.1 Mechanical cleaning - Remove dust, dirt, loose scales 
and other loosely adhering matter by sanding, grinding 
or brushing. Tampico (plant) fiber is preferred for 
mild abrasive acclon and corrosion resisting steel 
wire for heavy abrasion in the brushing process. 


CAUTION: Care shall be exercised where precise tolerances 
on the adherends must be maintained to assure 
that the mechanical cleaning procedures, by 
excessive abrading, do not adversely affect the 
dimensional acceptability of the bonded 
assemblies. 
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3*4*2 Corrosion resisting steel 

3.4.2.1 Refer to 3*4*1 

3*4*2.2 Clean and passivate in accordance with Finish 5*4*1 
of MIL-STD 171. 

3*4*3 Aluminum 
3.4*3*1 Refer to 3*4*1 

3*4*3*2 Vapor degrease by use of a suitable vapor degreaser 
for 5 to 10 minutes using tetrachloroethylene 
(perchloroethylene). 

3.4*3*3 Alkaline degrease using Oakite 164 (or equivalent) 
solution (9 to 11 ounces per gallon of water) at 
190° ± 10°F for 10 to 20 minutes* Rinse immediately 
using large quantities of cold running water* 

3.4*3.4 Immerse for 9 to 11 minutes at 160° + 5°F in a 
chromic acid bath composed of the following: 

15 gm* sodium dichromate 

80 cc* sulfuric acid (sp* gr* 1*84) 

450 cc* distilled water 

3*4*3.5 Rinse in clear, deionised running water at 160°F* 

3.4.3.6 After removal from the final rinse and before proced- 
ing further, the adherend surfaces shall be rinsed 
in running water and the surfaces examined for 
discontinuity of the water film (water break)* If 
the water film is discontinuous, cleaning procedures 
and solutions shall be examined to ascertain the 
cause of the water break* All cleaning procedures 
must be stopped until the cause ii discovered and 
corrected* 

3.4.3.7 Air dry at room temperature for approximately one 
hour or force dry in an oven for approximately 1/2 
hour at 1?5°F* All recesses shall be thoroughly 
dry* 
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3.4.4 Beryllium 

3.4.4.1 Refer to 3.4*1 - Adherend surfaces must be thoroughly 
abraded. 

CAUTION: The dust produced during the abrasion prooess 
Is highly toxic and must not be released Into 
the atmosphere. 

3.4.4.2 Vapor degrease by use of a suitable vapor degreaser 
for 5 to 10 minutes using tetrachloroethylene 

(perchloroethylene). 

3.4.4.3 Immerse for 4 to 6 minutes at 160° ± 5°F in a 
chromic acid bath composed of the following: 

15 grams sodium di chromate 
80 oc sulfuric acid 

450 cc distilled water 

3. 4 . 4.4 Rinse in dear, deionised water at 160°F. 

3.4.4*5 Refer to 3.4-3.6. 

3.4.4.6 Air dry at room temperature for approximately one 
hour or force dry for approximately 1/2 hour at 
175°F. All recesses shall be thoroughly dry. 

3.4.5 The time interval between the termination of the 
examination for discontinuity of water film (paragraph 
3.4.3.6) and the application of the adhesive shall not 
exceed 4 hours. Care shall be exercised to prevent 
contamination of the adherends during this interval. 

3.5 Application of the prepared adhesive 

3.5.1 Using application tools made of the materials specified 
in paragraph 3.2.4, apply a .003 to .005 thick coating 
of prepared adhesive to all surfaces to be joined. 

3.5.2 The time interval between the application of the adhesive 
and the assembly of the joint (open assembly time) shall 
not exceed one hour. 

3.5.3 Assemble parts as shown on the applicable assembly drawing, 
using only sufficient pressure to insure the proper 
positioning of the adherends. 

3.5.4 Remove excessive adhesive using a clean, lint-free cloth 
moistened with methyl-ethyl-ketone (MEK). 


- 6 







APOLLO G&N specification 
ND 1002236 A 
Septembers, 1964 
Class A Release 
TDRR J2I32 


PROCESS SPECIFICATION FOR 
POLYURETHANE POTTING OF ELECTRICAL CONNECTORS 


Record of Revisions 



This specification consists of pages i 
to iii and 1 to JK inclusive. 




















APOLLO GAN Specification 
ND 1002236 A 


POLYURETHANE POTTING OF ELECTRICAL CONNECTORS 


The purpose of this document is to establish the process requirements 
of the Polyurethane potting of electrical connectors for use in APOLLO 
Guidance and Navigation Equipment. 
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PROCESS SPECIFICATION 
POLYURBTHAME JOTTIHGOF COMPONENTS 

L SCOPE 

L1 PURPOSE. This specification establishes the requirements for the polyurethane, 
of components. * 

1.2 CLASSIFICATION. The potting material heed in the process covered by this specification 
shall be of the following type: ^ 

a. Consisting of a two part system oorered by Drawing 1012503-1 ' 

- ' and Drawing 1012503-2 respectively. 

2. APPLICABLE DOCUMENTS - ^ 

2.1 EFFECTIVE ISSUES. * The following documents of the issue In effect on the date of 
Invitation for bids form a part of ttris specification to the extent specified herein. 

SPECIFICATIONS 

APOLLO GIN 

ND 1002146 

DRAWINGS 

APOLLO GIN 

' ft •' ‘ ■ 

1012051 
1012503 
1012504 
1012505 


Process Specification, Etching of Teflon 


Grease, Silicone 
Polyurethane Potting Compotmd 
Primer, Metal Parts 
Primer, Polyvinal Chloride Parts 
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3.5 ATT! ICATTON AND CHPINC OF POTTTNC (T*VCIM) 

3.5.1 Hermetic Seal Connectors • i 

3.5.1.1 Pouring . The mixed, degassed, material shall he poured in a syringe equipped 
vith a suitable nozzle. All wires shall he evenly separated so that the potting compound 
will flow around all wires and soldered connections. The nozzle shall he positioned 
near the center wires first. If necessary, the nozzle shall be moved around to insure 
even coverage, fare shall he taken to eliminate voids and air bubbles. After the 
polyurethane has been applied to the connector, a close inspection shall be made for 

air bubbles. All air bubbles shall be brought to the surfaces and broken with a sharp 
pick. Prior to curing the wires shall be laced as required and held in the approximate 
position required by the assembly during the cinring. , 

3.5.1.2 Curing . The potted connector shall be placed in an oven set for 180° ♦ 5 # F. 
and cured for a minimun of 3 hours. 

3.5.1.3 Trimming . After curing, the connector shall be removed from the oven, cooled, 
and any excess flash trimmed off. 

3.5.2 Nonhermetic Seal Connectors . ? .f 

3.5.2.1 Pouring . Pouring shall be as specified in 3.5.1.1. 

3.5.2.2 Curing . After the bubbles hafre been eliminated from the polvurethane, the harness 
shall be laced up to the connector as specified on the applicable drawing. The 
polyurethane shall be cured at room temperature for 16 to 24 hours after which curing 
shall be accelerated at 180° ♦ 5°F for a minimiw of 3 hours. 

3.5.2.3 Trirming . Trimming shall be as specified in 3.I.I.3. 

3.5.2.4 Henning . The mating connector and gasket shall be removed from the potted 
connector and the contacts in the potted connector shall be cleaned as specified in 

3.2.1.1.1. to remove all silicone grease. 

3.5.3 Additional Components. Application, curing and trimming of potted materials for 
additional components shall be as specified in 3.5.1. 

4. PHAMTY ASSURANCE PROVISIONS 

4.1 PR TOP f»SF rumc Prior to using the material on production hardware, a 1 M cube 
sample shall be prepared as specified in paragraph fl.t, cured as specified in paragraph 

3.5.1, and inspected to the requirements of paragraph 4.2. 

4*2 Visual Inspection. Visual inspection shall be performed to determine the folloving: 
Th® cured material shall he transparent, and shall not exhibit any voids, holes, tackiness, 
poor adherence, or flashiness. 

5. PREPARATION FOR PEI IWPY. None. 

6. NOTES 

6.1 TNTFNPEP l*SE. This material is intended for use as a potting material for the potting 
of vired connectors. 

6.2 STOPACF UFf. The storage life of the unopened cans is 6 months when stored at 
temperatures below 80° F. 
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6.S PRECAUTION. All materials mentioned herein should be kept away from heat, sparks, 
and flames. After the use of these materials, hands should be washed with a waterless cleaner 
followed by soap and water, prior to eating or smoking. Avoid breathing vapors or prolonged 
contact with the skin, contact with open breaks In the skin, and ingestion. These materials 
should be used in areas of adequate ventilation. 
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POLYURETHANE POTTING OF ELECTRICAL CONNECTORS 


The purpose of this document is to establish the process requirements 
of the Polyurethane potting of electrical connectors for use in APOLLO 
Guidance and Navigation Equipment. 
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PROCESS SPECIFICATION 
POLYURETHANEPOTTINGOP COMKNimi 

1. SCOPE 

1 .1 PURPOSE, This specification establishes the requirements for the polyurethane psttfeg 
of components. 

1.2 CLASSIFICATION. The potting material heed in the process covered by this specification 
shall be of the following type: 

a* Consisting of a two part system covered by Drawing 1012503-1 
- v end Drawing 1012503-2 respectively. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE B8UE8. * The following doemnents of the issue in effect on the date of 
fawHtoHwi f«MP i>ya focmjajsueLsfJbls spec ifi oat ioa to the extent specified herein. 
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APOLLO GIN 

ND 1002145 Proeees Specification, Etohing of Teflon 

DRAWINGS 

APOLLO Q5N 

1012051 Grease, Silicone 

1012502 Polyurethane Potting Compound 

1012504 Primer, Metal Farts 

1012505 Primer, Folyvinal Chloride Parts 


Apollo GMI Primer, Silicone Rubber Farts • 1010900, 
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3 . Requirements 

3.1 Material and Equipment 

3.1.1 Materials . The following materials listed in this section shall be used: 

a. Polyurethane Potting Compound System in accordance with SCD 1012503. 

B. Primer for Metal Parts in accordance with SCD 1012504 

C. Pri mer for Polyvinal Chloride Parts in accordance with SCD 1012505/’ 

d. Mfethyl Ethyle Ketone (MEK) in accordance with TT-M-261. 

e. Freon T.F. 

f. Light Aliphatic Naphtha TT-T-291, Grade I. 

g. Silicone grease in accordance with SCD 1012051. v 

h. Primer for Silicone Rubber, Parts in accordance with SCD 1010900. 

3.1.2 Equipment . The following equipment listed in the specification shall be used: 

a. Artist’s Brush 

b. Oil free, lint ftreeM cloth. 

c. Vacuum system capable of producing an atmospheric pressure equal to 5 m of 
mercury of less. 

d. Injector syringe with proper size nozzle. 

e. Hot air oven set for l 80 ° ± 5°F. 

f. Cotton swabs. 

g. Balance capable of weighing to 0.1 grams accuracy. 

h. Metal or glass containers for mixing. 

i. Stainless SteSl spatula. 

3.2 POTTING OF COMPONENTS 

3.2.1 Preparation of Surface . 

3.2.1.1 Metal 

3.2.1.1.1 Cleaning. All surfaces shall be cleaned of grease, oil, wax and foreign 
material, using MEK and lint free cloth or with cotton swabs dipped in MEK. However, 
exposure of the parts to the MEK beyond the time necessary to properly clean shall be 
avoided. 
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3 .2.1.1.2 Primer. The primer to he used on metal parts shall be mixed as follows: 

6 parts by weight of material in accordance with SCD 1012504-1 shall be throughly 

mixed with 1 part by weight of material in accordance with SCD 1012504-2. The mixture shaj 3 
shall be applied evenly, using an artists brush. There shall be no bare metal seen 
through the primer coating. The metal parts shall then be placed in a l80° ± 50 ?. 
oven and shall remain for 15 minutes minimum. The metal parts shall be removed and 
allowed to cool. If the coating should become contaminated prior to potting, the 
primer shall be removed using an aliphatic naphtha in accordance with TT-T-291, Grade 
I, and the process repeated. 

3.2.1.2 Polyvinal . 

3 .2.1.2.1 Cleaning . All Polyvinal surfaces shall be cleaned with MEK. In addition, the 
polyvinal surfaces shall be made tacky, through repeated application of the MEK. 

3 .2.1.2.2 Primer . When the polyvinal surfaces have became tacky, an even coating or 
primer in accordance with SCD 1012505 shall be applied. This coating shall be allowed 
to dry for at least 15 minutes at room ambient temperature. 

3 . 2 . 1.3 Diallyll Fhthalate . 

3.2.1.3.1 Cleaning . All Diallyll Phthalate surfaces shall be cleaned as specified in 

3 . 2 . 1 . 1.1 

3 .2.1.4 Polyolefin . 

3.2.1.4.1 Cleaning . All polyolefin surfaces shall be cleaned with MEK. In addition, the 
polyolefin surfaces shall be made tacky through repeated applications of MEK. When tacky, 
the polyolefin is ready for potting. 

3.2.1.5 Teflon 

3.2.1.5.1 Etching . All teflon surfaces shall be prepared in accordance with HD 1002146. 

3.2.1 ..6 Polyimide 

3*2.1.6.1 Cleaning All polyimide surfaces shall be cleaned as specified in 3*2.1.1.1. 


3*2.1.7 Polyurethane . 

3 .2.1.7.1 Cleaning . All polyurethane surfaces shall be cleaned as specified in 3.2.1.1.1 
3 .2.1.8 Silicone Rubber SCD 1006720 

3.2.1.8.1 Cleaning . All silicone rubber surfaces shall be cleaned as specified in 

3 . 2 . 1 . 1 . 1 . 

3.2.1.8.2 Roughening . All silicone rubber surfaces shall be roughened before pr im i n g 
by one of the following methods. (See 6.4) 
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a) Hand rubbing with approximately 300 grit abraiding paper. 

b) Sand blasting or vacuum blasting with approximate 300 mesh silica sand of 
equivalent, using a line pressure of 40 psi, nozzle orifice size of 1/4 inch 
and blasting at a surface to nozzle distance of approximate 3 inches. 

c) Dental blasting can be used for small parts 

d) Wire brushing. 

After roughening, all surfaces should be cleaned as in 3.2.1.1.1. 

3 .2.1.8.3 EtLfflST* The surface of the silicone rubber shall be primed with two 
sperate primers as follows: 

a) Apply primer, SC® 1010900, to the clean, roughened surface with a brush to 
produce a uniform pink color entirely covering the surface of the silicone 
rubber. Allow primer to dry for 1 ± 0.5 hour at 80 ± 10°F. before application 
of the second primer. Care should be taken to keep this primer frcai any 
metal surfaces. 

b) Apply second primer SCD 1012504, directly to the surface of the first primer 
and to all metal parts that will be in contact with the polyurethane potting 
compound. The primer shall be prepared as follows: 

6 parts by weight of material in accordance with SCD 1012504-1 shall be 
throughly mixed with 1 part by weight of material in accordance with SCD 1012504-2 
The mixture shall be applied evenly using an artist”s brush. The primer shall 
be allowed to dry for 1 ± .5 hour at temperatures between 70°F and 180 ^. 
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3.3 SPECIAL PREPARATION OF NONHERMETIC SEALED CONNECTORS 

3.3.1 Male Connectors 

3 . 3 . 1.1 Retaining Holes . All retaining holes in the connector body shall be filled 
with pins. 

3 .3.1.2 Gasket . Coat a gasket with a thin film of silicone grease. Place this gasket 
over the pins of the male connector and mate this connector with a female connector 
as shown in Figure 1. The gasket shall be drawn tight against the body of the 
connector to be potted. A good seal shall exist between the pins and the gasket, 

and between the connector body and the gasket. 

3.3.2 Female Connectors . 

3 . 3 .2.1 All socket retaining holes in the connector body shall be 
filled with sockets. 

3.3.2.2 Gasket . Coat a solid gasket with a thin film of silicone grease. Place this 
gasket over the female connector and mate this connector with a male connector as shown 
in Figure 2. The male connector shall contain no pins. The gasket shall be drawn tight 
against the body of the connector to be potted. The connector holes of the female 
connector shall be sealed off by the gasket. 

3.4 SPECIAL PREPARATION OF HERMETIC SEAL SWITCHES 

In order to meet the necessary depth for moisture proffing with the polyurethane 
potting compound, a potting dam should be used. The restraining dam shall consist 
of: 

a) Any suitable, removable dam or mold used to prevent leakage of the polyurethane 
potting material or 

b) A permanent potting dam, molded from the moisture proofing polyurethane. 

3.5 MIXING OF POTTING COMPOUND 

CAUTION: Do not open containers of SCD 1012503-1 and SCD 1012503-2 intil Just prior 
to use. 

3.5.1 Stabilization. Matetials in accordance with SCD 1012503-1 and SCD 1012503-2 
shall be stabilized at 70° to 85°F. before mixing. 

NOTE: Part SCD 1012503-1 may partially solidify when stored for prolonged periods below 
75°F. .Whenever this condition is found, loosen lid and warm to 200°+ io°F. Do not heat 
over 210°F. When warming the material, use a thermometer to determine the actual 
material temperature. Liquefaction is complete when the material becomes smooth and 
uniform in appearance and looses all signs og graininess. Stirring is essential during 
liquefaction to provide a uniform material and to hasten melting. 

3.5.2 Mixing. After the materials have been stabilized, they shall be throughly 
mixed by-weight as follows: 

SCD 1012503-1 
SCD 1012503-2 


24.2 grams 
74.8 grams 
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If less than 100 grams are needed, the material shall be mixed in the same proportions. 

The materials shall be mixed in a metal container having at least twice the volume 
of the material. 

NOTE: After removing a portion of SCD 1012503-2 from a full container, moisture in 
the air in the empty portion of the SCD 1012503-2 container tends to cause the 
remaining material to skin over during extended periods of standing. This material may be 
used by removing the skin. If Part SCD 1012503-2 has solidified, it will be necessary 
to liquefy the material Before the skin can be removed. 

3.5.3 Degassing. After the materials have been thoroughly mixed, the container and 
contents shall be placed in a vacuum system. The mixture shall be degassed until 
foaming subsides (approximately 10 minutes), at an atmospheric pressure equal to 5 m 
of mercury or less. Larger quantities will require slightly longer periods for 
degassing. 

3.6 APPLICATION AND CURING OF POTTING COMPOUND 

3.5.1 Hermetic Seal Connectors 

3.6.1.1 Pouring. The mixed, degassed, material shall be poured in a syringe equipped 
with a suitable nozzle. All wires shall be evenly separated so that the potting 
compound will flow around all wired and soldered connections. The nozzle shall be 
positioned near the center wires first. If necessary, the nozzle shall be moved around 
to insure even coverage. Care shall be taken to eliminate voids and air bubbles. After 
the polyurethane has been applied to the connector, a close inspection shall be made for 
air bubbles. All air bubbles shall be brought to the surfaces and beoken with a sharp 
pick. Prior to curing the wires shall be laced as required and held in the 
approximate position required by the assembly during the curing. 

3.6.1.2 Curing. The potted connector shall be placed in an oven set for 180° ± 5°F. 
and cured for a minimum of 3 hours. 

3.6.1.3 Trimming. After curing, the connector shall be removed from the oven, cooled, 
and any excess flash trimmed off. 

3.6*2 Nonhermetic Seal Connectors . 

3.6.2.1 Pouring. Pouring shall be as specified in 3.5*1«1 

3.6.2.2 Curing. After thecbubbles have been eliminated from the polyurethane, the ^ 
harness shall He laced up to the connector as specified on the applicable drawing. The 
polyurethane shall be cured at room temperature for 16 to 24 hours after which curing 
shall be accelerated at 180° ± 5°F for a minimum of 3 hours. 

3 . 6.2.3 Trimming . Trimming shall be as specified in 3»5*1*3» 

3.6.2.4 Cleaning. The mating connector and gasket shall be removed from the potted 
connector and the contacts in the potted connector shall be cleaned as specified in 
3.2.1.1.1 to remove all silicone grease. 

3.6.3 Additional Components. Application, curing and trimming of potted materials for 
additional components shall be as specified in 3«5*1« 

3.4.3.' He. 


7 
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3.6.3 Hermetic Sealed^switches 

3.6.3.1 Pouring . The polyurethane material shall he poured as in 3.6.1.1 
when a removable potting dam is used. Use of a permanent potting dam requires 
addition of polyurethane to the dam before applying the dam to the switch. This 
can be accomplished by using a stainless steel spatula. 

3.6.3.2 Charing After the bubbles have been eliminated from the polyurethane the 
potted component shall be cured at 180° ± for 3 hours. (Note: This is not a 
complete curing process but after the three hour cure,athe potted samples can be 
handled gently and subsequent potting of other components can be accomplished. A 
total of 6 hours at l80°F or 7 days at room temperature is necessary to obtain 
ma ximu m properties of the potting material. 

3*6.3.3 Trimming . Trissuing shall be as specified in 3.6.1.3. 

k. QUALITY ASSURANCE PROVISIONS 

k.l PRIOR USE CHECK Prior to using the material on production hardware, a 1" cube 
sample shall be prepared as specified in paragraph 3.4 cured as specified in paragraph 
3.3.1, and inspected to the requirements of paragraph If.2. 

4.2 Visual Inspection. Visual inspection shall be performed to determine the following: 
The cured material shall be transparent, and shall not exhibit any voids, holes, tackiness, 
poor adherence, or flashiness. 

3. PREPARATION FOR DELIVERY NONE. 

6. NOTES 

6.1 Intended Use: This material is intended for use as a potting material for the 
potting of electronic components. 

6.2 Storage Life. The storage life of the unopened cans is 6 months when stored at 
temperatures below 80°F. 

6.3 Precaution. All materials mentioned herein should be kept away from heat, sparks, 
and flames. After the use of these materials, hands should be washed with a waterless 
cleaner followed by soap and water, prior to eating or smoking. Avoid breathing * 
vapors or prolonged contact with the skin, contact with open breaks in $he skin, and 
ingestion. These materials should be used in areas of adequate ventilation. 
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POLYURETHANE POTTING OF ELECTRICAL CONNECTORS 


The purpose of this document is to establish the process requirements 
of the Polyurethane potting of electrical connectors for use in APOLLO 
Guidance and Navigation Equipment. 
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PROCESS 8PBCIF1CAT10H 
POLTURHTHA1® *DaTB«H» COiCTOHEHTg 


U SCOPE 

LI PURPOSE. This specificationestablishes ths requirements for the polyurethane 
of oom pooea ts. 

Lf CLA8SOTCATION. The potttag material heed to the process oorered by this .pacification 
shall be «f the follow*, types 

•. Cuf f i^ t of a two part system corersd by Drawing 101250S-1 
' sad Drswiag 1012503-2 reapectirely. 
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3. Requirements 

3.1 Material and Equipment 

3*1.1 Materials . The following materials listed in this section shall be used: 

a. Polyurethane Potting Compound System in accordance with SCD 1012503. 

B. Primer for Metal Farts in accordance with SCD 1012504 

C. Primer for Polyvinal Chloride Parts in accordance with SCD 1012505/* 

d. Methyl Ethyle Ketone (MEK) in accordance with TT-M-261. 

e. Freon T.F. 

f. Light Aliphatic Naphtha TT-T-291, Grade I. 

g. Silicone grease in accordance with SCD 1012051. \ 

h. Primer for Silicone Rubber, Parts in accordance with SCD 1010900. 

3*1.2 Equipment . The following equipment listed in the specification shall be used: 

a. Artist *s Brush 

b. Oil free, lint freen cloth. 

c. Vacuum system capable of producing an atmospheric pressure equal to 5 am of 
mercury of less. 

d. Injector syringe with proper size nozzle. 

e. Hot air oven set for l80° ± 5 ®p # 

f. Cotton swabs. 

g. Balance capable of weighing to 0.1 grams accuracy. 

h. Metal or glass containers for mixing. 

i. Stainless Stebl spatula. 

3.2 POTTING OF COMPONENTS 

3.2.1 Preparation of Surface . 

3.2.1.1 Metal 

3.2.1.1.1 Cleaning . All surfaces shall be cleaned of grease, oil, wax and foreign 
material, using MEK and lint free cloth or with cotton swabs dipped in MEK. However, 
exposure of the parts to the MEK beyond the time necessary to properly clean shall be 
avoided. 
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3 .2.1.1.2 Primer . The primer to be used on metal parts shall be mixed as 
follows: 6 parts by volume of material in accordance with SCD 1012504—1 
shall be throughly mixed with 1 part by volume of material in accordance 
with SCD 1012504-2 or equivalent weights of 7.25 parts of SCD 1012504-1 
to 1.00 parts of SCD 1012504-2. The mixture shall be applied evenly, 
using an artists brush. There shall be no bare metal seen through the 
primer coating. The metal parts shall then be placed in a 180° ± 5 °F. 
oven and shall remain for 15 minutes minimum, ^he metal parts shall 

be removed and allowed to cool. If the coating should become contaminated 
v prior to potting, the primer shall be removed using an aliphatic naphtha 
in accordance with TT-T-291, Gradi I, and the process repeated. 

3.2.1.2 Polyvinal . 

3 .2.1. g.I Cleaning All polyvinal surfaces shall be cleaned with MEK. In 
addition, the polyvinal surfaces shall be made tacky, through repeated 
application of the MEK. 

3 .2.1.2.2 Primer When the polyvinal surfaces have become tacky, an even 
coating or primer in accordance with SCD 1012505 shall be applied. This 
coating shall be allowed to dry for at least 15 minutes at room ambient 
temperature. 

3 . 2 . 1.3 Pially 11 Fhthalate . 

3.2.1.3.1 Cleaning . All Diallyll Fhthalate surfaces shall be cleaned as 
• specified in 3 * 2 . 1 . 1 . 1 . 

3.2.1. * Polyolefin . 

3.2.1.4.1 Cleaning . All polyolefin surfaces shall be cleaned with MEK. In* 
addition, the polyolefin surfaces shall be made tacky through repeated 
applications of MEK. When tacky, the polyolefin is ready for potting. 

3.2.1.5 Teflon 

3.2.1.5.1 Etching . All teflon surfaces shall be prepared in accordance 
with HD 1002146. 

3.2.1.6 Polyimide 

3.2.1.6.1 Cleaning All polyimide surfaces shall be cleaned as specified in 

3 . 2 . 1 . 1 . 1 . 

3.2.1.7 Polyurethane . 

3.2.1.7.1 Cleaning . All polyurethane surfaces shall be cleaned as specified 
in 3 - 2 . 1 . 1 . 1 . 


3.2.1.8 Silicone Rubber SCD 1006720 
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3.2.1.8.1 Cleaning All silicone rubber surfaces shall be cleaned as 
specified in 3 .2.1.1.1. 

3.2.1.8.2 Roughening. All silicone rubber surfaces shall be roughened 
before priming by one of the following methods. (See 6.4) 

a) Hand rubbing with approximately 300 grit abraiding paper. 

b) Sand blasting or vacuum blasting with approximately 300 mesh 
silica sand or equivalent, using a line pressure of 40 psi, 
nozzle orifice size of l/4 inch and blasting at a surface 
to nozzle distance of approximately 3 inches. 

c) Dental blasting can be used for small parts. 

d) Wire brushing. 

After roughening, all surfaces hhould be cleaned as in 3*2.1.1.1. 

3.2.1.8.3 Primer . The surface of the silicone rubber shall be primed with 
two seperate primers as follows: . 

a) Apply primer, SCD 1010900, to clean, roughened surface with 
a brush to produce a uniform pink color entirely covering 
the surface of the silicone rubber. Allow primer to dry 

for 1 t 0.5 hour at 80 ± 10°F. before application of the 
secone primer. Care should be taken to keep this primer 
from any metal surfaces. 

b) Apply second primer SCD 1012504, directly to the surface of 
the first primer and to all metal parts that will be in contact 
with the polyurethane potting ccmpoune. The primer shall be 
prepared as follows: 

6 parts by weight of material in accordance with SCD 1012504-1 
shall be throughly mixed with 1 part by weight of material in 
accordance with SCD 1012504-2. The mixture shall be applied 
evenly using an artist's brush. The primer shall be allowed 
to dry for 1 t .5 hour at temperatures between 70 °p and l 80 °P. 







Apollo G&N Specification 
ND 1002236r C 


3.3 SPECIAL PREPARATION OF NONHERMETIC SEALED CONNECTORS 

3.3.1 Male Connectors 

3.3.1.1 Retaining Holes . All retaining holes in the connector body shall be filled 
irith pins. 

3.3.1.2 Gasket. Coat a gasket with a thin film of silicone grease. Place this gasket 
over the pins of the male connector and mate this connector with a female connector 
as shown in Figure 1. The gasket shall be drawn tight against the body of the 
connector to be potted. A good seal shall exist between the pins and the gasket, 

and between the connector body and the gasket. 


3.3.2 Female Connectors . 

3.3. 2.1 PM-.«Hr^yg Holes- All socket retaining holes in the connector body shall be 
filled with sockets. 

3.3.2.2 Gasket. Coat a solid gasket with a thin film of silicone grease. Place this 
gasket over the female connector and mate this connector with a male connector as shown 
in Figure 2. The male connector shall contain no pins. The gasket shall be drawn tight 
against the body of the connector to be potted. The connector holes of the female 
connector gha.ll be sealed off by the gasket. 

3.4 SPECIAL PREPARATION OF HERMETIC SEAL SWITCHES 

In order to meet the necessary depth for moisture proffing with the polyurethane 
potting compound, a potting dam should be used. The restraining dam shall consist 
of: 

a) Any suitable, removable dam or mold used to prevent leakage of the polyurethane 
potting material or 

b) A permanent potting dam, molded from the moisture proofing polyurethane. 

3.5 MIXING OF POTTING COMFOOTD 

CAUTION: Do not open containers of SCD 1012503-1 and SCD 1012503-2 intil just prior 


3.5.1 Stabilization. Materials in accordance with SCD 1012503-1 and SCD 1012503-2 
shall be stabilized at 70° to 85°F. before mixing. 

NOTE: Part SCD 1012503-1 may partially solidify when stored for prolonged periods below 
75°F. .Whenever this condition is found, loosen lid and warm to 200°+ io°F. Do not heat 
over 210°F. When warming the material, use a thermometer to determine the actual 
material temperature. Liquefaction is complete when the material becomes smooth and 
uniform in appearance and looses all signs og graininess. Stirring is essential during 
liquefaction to provide a uniform material and to hasten melting. 

3.5.2 Mixing. After the materials have been stabilized, they shall be throughly 
mixed bywight as follows: 

SCD 1012503-1 24.2 grams 

SCD 1012503-2 7$.8 grams , 
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If less than 100 grams are needed, the material shall be mixed in the same proportions. 

The materials shall be mixed in a metal container having at least twice the volume 
of the material. 

NOTE: After removing a portion of SCD 1012503-2 from a full container, moisture in 
the air in the empty portion of the SCD 1012503-2 container tends to cause the 
remaining material to skin over during extended periods of standing. This material may be 
used by removing the skin. If Part SCD 1012503-2 has solidified, it will be necessary 
to liquefy the material Before the skin can be removed. 

3.5.3 Degassing . After the materials have been thoroughly mixed, the container and 
contents shall be placed in a vacuum system. The mixture shall be degassed until 
foaming subsides (approximately 10 minutes), at an atmospheric pressure equal to 5 mi 
of mercury or less. Larger quantities will require slightly longer periods for 
degassing. 

3.6 APPLICATION AND CURING OF POTTING COMPOUND 
3 # $.l Hermetic Seal Connectors 

3.6.1.1 Pouring. The mixed, degassed, material shall be poured in a syringe equipped 
with a suitable nozzle. All wires shall be evenly separated so that the potting 
compound will flow around al 1 wired and soldered connections. The nozzle shall be 
positioned near the center wires first. If necessary, the nozzle shall be moved around 
to insure even coverage. Care shall be taken to eliminate voids and air bubbles. After 
the polyurethane has been applied to the connector, a close inspection shall be made for 
air bubbles. All air bubbles shall be brought to the surfaces and beoken with a sharp 
pick. Prior to curing the wires shall be laced as required and held in the 
approximate position required by the assembly during the curing. 

3.6.1.2 Curing. The potted connector shall be placed in an oven set for l80° ± 5 °f. 
and cured for a minimum of 3 hours. 

3.6.1.3 Trimming. After curing, the connector shall be removed from the oven, cooled, 
and any excess flash trimmed off. 

3.6Q2 Nonhermetic Seal Connectors . 

3.6.2.1 Pouring. Pouring shall be as specified in 3*5*1»1 

3.6.2.2 Curing. After thecbubbles have been eliminated from the polyurethane, the 
harness shall be laced up to the connector as specified on the applicable drawing. The 
polyurethane shall be cured at room temperature for 16 to 24 hours after which curing 
shall be accelerated at 180° ± 5°F for a minimum of 3 hours. 

3.6.2.3 Trimming . Trimming shall be as specified in 3«5*1«3» 

3.6.2.4 Cleaning . The mating connector and gasket shall be removed from the potted 
connector and the contacts in the potted connector shall be cleaned as specified in 
3.2.1.1.1 to remove all silicone grease. 

3.6.3 Additional Components. Application, curing and trimning of potted materials for 
additional components shall be as specified in 3.5-1. 
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3 6.3 Hermetic Sealed Sw itches 

J.6.W ~ " lJ 

when a removable potting dam before applying the dam to the 
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the potted component shall be * th ^ hour cure, the potted samples 

not a complete curing process bu^ t of other components can be 
can be handled gently and su qu ^op^r 7 days at room temperature is 
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3.6.3-3 Trimming . TrlMtting shall be a* specified in 3-6.1.3. 

It QUALITY assurance provisions 
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U.2.1.3.1 In the eventa minimum of .050 inch total 
considered adeqmte pro£^ «h£ «^"'ctrical conductors or terminations 

(thfs'e^th^ £5u5onft* the bubbles or between the bubbles and the 
exterior surface of the potting. 
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^.2.1.4 If four or more bubbles of diameter between o.OlO and 0.030 inch 
lie on approximately a straight line and are located within 0.125 inch 
of the polyurethane exterior surface, the minimum polyurethane thickness 
between bubbles shall be equal to the diameter of the largest adjacent 
bubble as illustrated in Figure 6. 
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5. PREPARATION FOR DELIVERY NONE. 

6. NOTES 

6.1 Intended Use: This material is intended for use as a potting material 
for the potting of electronic components. 

6.2 Storage Life. The storage life of the unopened cans is 6 months when 
stored at temperatures below 80 °f. 

6.3 Precaution. All materials mentioned herein should be kept away from 
heat, sparks, and flames. After the use of these materials, hands should 
be washed with a waterless cleaner followed by soap and water, prior to 
eating or smoking. Avoid breathing vapors car prolonged contact with the 
skin, contact with open breaks in the skin, and ingestion. These materials 
should be used in areas of adequate ventilation. 
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3.6.3 Hermetic Sealed Switches 

3.6.3.1 Pouring . The polyurethane material shall be poured as 3.6.1,1 
when a removable potting dam is used. Use of a permanent potting 

dam requires addition of polyurethane to the Anm before applying the 
dam to the switch. This can be accomplished by using a stainless steel 
spatula. 

3.6.3.2 Curing After the bubbles have been eliminated from the 
polyurethane the potted component shall be cured at 180° ± 5°F for 3 
hours. (Note: This is not a complete curing process but after the 
three hour cure, the potted samples can be handled gently and subsequent 
potting of other components can be accomplished. A total of 6 hours at 
180 F or 7 days at room temperature is necessary to obtain maximum 
properties of the potting material. 

3.6.3.3 Trimming . Trimming shall be as specified in 3.6.1.3. 

3.7 Process for potting other Miscellaneous Assemblies 

3*^.1 Cleaning. All surfaces to be potted shall be cleaned as a miniTm im 
by scrubbing with freon TF and isopropyl alcohol. MEK shall not be used 
on assemblies containing PVC components or FVC wire insulation. 

3.7.2 Priming . All metal surfaces to be potted shall be coated with a 
thin uniform layer of primer per SCD 1012504. The primer shall also be 
applied to the edges and areas immediately adjacent to the areas to be 
potted to assure complete adhesion of the potting compound. The primer 
shall be prepared by mixing 7-3 ± 0.05 parts by weight (iWB) of 
J012504-1 to ' FEW of 1012504-2. The primer shall be cured for a 
minimum of 1 hour at room temperature. The primer shall not be used 
after it has exceeded its pot life of 4 hours. 

3.7.3 Mixing and Degassing of Potting Compound - The potting compound 
shall be mixed and degassed as specified in 3*4. 

3.7.4 Application of Potting Compound-The assembly to be potted shall 
be placed in the appropriate mold or potting fixture which has been 
coated with a suitable release agent. Release agents shall not be allowed 
to come into contact with areas to be potted. The mixed and degassed 
potting compound shall be poured into the mold or fixture to the desired 
level. Care should be taken to minimize voids or air bubbles. The potting 
compound shall be inspected after pouring to determine whether the majority 
of the air bubbles have been eliminated. 

3.7.5 Curing. The potting compound shall be cured by one of the cure 
scheduled listed below: Curing shall be started within 1/2 hour after potting. 

Cure Schedule A - The compound shall bg cured in the mold or 
fixture for a minimum of lg hougs at 140° ± 5°F and post cured for an 
additional 16 hours at 140 ± 5 F.,giving a total cure of 32 hours, 
minimum, at l40° ± 5°F. 

Cure Schedule B- The compound shall be cured in the mold or fixture 
for a minimum of 3 hours at 180 ± 5°F., post cured for an additional 3 hours 
at l80° ± 5 0 F.^giying a total cure of 6 hours, minimum, at l80° ± 5°F. 
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4. QUALITY ASSURANCE REVISIONS 

4.1 Prior Use Check. Prior to using the material on production 
hardware, a 1" cube sample shall be prepared as specified in 
paragraph 3.4 cured as specified in paragraph 3*5.1, and inspected 
to the requirements of para 4.2. 

4.2 Visual Inspection for Components and Connectors. Visual 
inspection shall be performed to determine the following: The cured 
material shall be transparent, and shall not exhibit any tackiness, 
poor adherence, or flashiness. 

Microscopic Inspection - A 10X microscope equipped with reticles 
^ ncremen ^ s 0*005 inch and having a field of view of approximately 
3A inch as illustrated in Figure 3, shall be used to determine the 
following: 

4.2.1.1 The cured material shall contain no voids, bubbles, or holes 
greater than 0.030 inch diameter as illustrated in Figure 4. 

4.2.1.2 The cured material shall contain not more than 10 bubbles of 
diameter between O.OJO and 0.030 inch within the field of view as 
illustrated in Figure 5. 

4.2.1.3 The cured material shall contain not more than 25 taibblesotif 
diameter less than 0.010 inch with the field of view. 

4.2.1.3.1 In the event* paragraph 4.2.1.3 is not met, the potting shall 
be considered adequate providing that there is a minimum of .050 inch 
total of clear (void free) potting between electrical conductors or 
terminations (those without insulation) and the bubbles or between the 
bubbles and the exterior surface of the potting. 

4.2.1.4 If four or more bubbles of diameter between 0.010 and 0.030 
inch lie on approximately a straight line and are located within 0.125 
inch of the polyurethane exterior surface, the minimum polyurethane 
thickness between bubbles shall be equal to the diameter of the largest 
adjacent bubble as. illustrated in Fibure 6. 

4.3 Visual Inspection for Miscellaneous Assemblies. Visual inspection 
shall be performed to determine the following: The cured material 
shall be transparent,and shall not exhibit any tackiness or excessive 
flash. Flash in inside corners shall not exceed l/l6 inch (Figure 7). 
There shall be adherence between the potting compound and the part in 
all areas as viewed under 10 power magnification i through the potting 
materail except as follows: 

a. In the case of flash in inside corners, lack of adherence is 
permissible for the width of any remaining flash, per Figure 7. 

b. In the case of an external vorner where a meniscus exists, 
lack of adherence is permissible for the height of the meniscus, ner 
Figure 8. 




Apollo G&W Specification 
ND 1002236 



Inside Corner 

Pig 7 Fig. 8 


!»-.3.1 Microscopic Inspection for Miscellaneous Assemblies. 
Continuous strings of voids or bubbles extending from components) 
wires, connectors, or terminations are acceptable provided they 
do not come closer than l/64 inch from the surface of the potting 
compound. Surface voids or bubbles l/l6 inch or larger are not 
acceptable. The potting compound shall not contain voids or bubbles 
below the surface which cure larger than 1/4 inch in diameter, or an 
agglomeration of voids or bubbles larger than l/4 inch in diameter. 

4.3.2 Rework- Rework of the cured potting compound without prior 
authorization is permissible provided not potting compound is 
removed from the assembly (except l/64” maximum surface film). 

4.3.2.1 Chiring of Rework - Reworked_potting compound shall be cured 
for minimum of l6 hours at l40° ± 5°F., if Q the original cure was at 
l40°F., or a minimum of 3 hours at 180 ± 5 F., if the original cure 
was at l80°F. 
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3. Requirement* 

3.1 Material and Equipment 

3.1.1 Material* . The following material* listed in this section shall he used: 

a. Polyurethane Potting Compound System in accordance with 8CD 1012503. 

* B. Primer for Metal Parts in accordance with SCD 1012504 

C. Primer for Polyvinal Chloride Parts in accordance with SCD 1012505/'* 

d. Methyl Ethyle Ketone (MEK) in accordance with TT-M-261. 

e. Freon T.F. 

f. Light Aliphatic Naphtha TT-T-291, Grade I. _ 

g. POhTdhem* grease in accordance with v 

h. Primer for Silicone. Rubber, Parts in accordance with SCD 1010900. 

3.1.2 Equipment . The following equipment listed in the specification shall be used: 

a. Artist's Brush or air brush 

b. Oil free, lint freeM cloth. 

c. Vacuum system capable of producing an atmospheric pressure equal to 5 ®m of 
mercury of less. 

d. Injector syringe with proper size nozzle* or dispensing equipment 

e. Hot air oven set orrinfsred oven 


f. Cotton swabs. 

g. Balance capable of weighing to 0.1 grams accuracy. 

h. Metal or glass containers for mixing. 

i. Metai:spmtiOA l 

3.2 POTTING OF COMPONENTS 

3.2.1 Preparation of Surface . 


3.2.1.1 Metal 

3.2.1.1.1 Cleaning. All surfaces shall be cleaned of grease, oil, wax and foreign 
material, using MEK and lint free cloth or with cotton swabs dipped in MEK. However, 
exposure of the parts to the MEK beyond the time necessary to properly clean shall be 
avoided Afterlcl^ning with MEK, flush surfaces with freon. 
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3.2.1.8.1 Cleaning All silicone rubber surfaces shall be cleaned as 
specified in 3.2.1.1.1. 

3.2.1.8.2 Roughening. All silicone rubber surfaces diall be roughened 
before prising by one of the following methods. 

a) Hand rubbing with approximately 300 grit abraidlng paper. 

b) Sand blasting or vacuus blasting with approxlsately 300 mesh 
silica sand or equivalent, using a line pressure of 40 pad, 
nozzle orifice sise of 1/4 inch and blasting at a surface 
to nossle distance of approxlsately 3 inches. 

c) Dental blasting can be used for snail parts. 

After rou^\n^, i ^^ 1 s\S^%8 should be cleaned as in 3.2.1.1. 

3.2.1.8.24, caution shall, be #xenelead in roughening.^ailiconq * 

*;. t .' ".i robber surfaces when hermetic sealed terminals are present. '.*/ 

3.2.1.8.3 Primer . The surface of the silicone rubber shall be primed with 
two seperate primers as follows: 

a) Apply primer, SCD 1010900, to clean, roughened surface with 
a brush to produce a uniform pink color entirely covering 
the surface of the silicone rubber. Allow primer^to dry 

for 1*£- 0; hour at 80 1 10°p. before application of the 
secone primer. Care should be taken to keep this primer 
from any metal surfaces. 

b) Apply second primer SCD 1012504, directly to the surface of 
the first primer and to all metal parts that will be in contact 
with the polyurethane potting conpoune. The primer shall be 
prepared as follows: 

7.3 *.05 parts by weight of material in accordance with SCD 1012504-1 
shall be throughly mixed with 1 part by weight of material in 
accordance with SCD 1012504-2. The mixture shall be applied 
evenly using an artist's brush or M&acjariutob The. primer shall be allowed 
to dry for l*|-0 hour at temperatures between 70°p and l80°F. 
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3.3 SPECIAL PREPARATION OF RQHHERMETIC SEALED CONNECTORS ( 

3-3*1 Male Connectors 

3-3-1.1 Retaining Holes . All retaining holes in the connector body shall be filled 
with pins. 

3.3.1.2 Sealing . Gasket(s), petroleum greasej and mating connectors or the tooling’ 

f quivalent shall be used (see figure l) to insure pin alignment and a good seed between 
he pins and the gasket'and between the connector body and the gasket. The toted thickness 
of the gasket (s) used shedl mot exceed .25 inch. The torque applied to the jac^screws 
to seed the the connector shall mat exceed' 7*5 inchhpounds. 

3.3-2 Female Connectors . 

3.3.2.1 All socket retaining holes in the connector body shedl be 

filled with sockets. 

3.3.2.2 Seeding . Gasket (a), petroleum grease and mating connectors or the tooling 
equivalent shedl be used (see figure 2) to insure pin alignment and a good seal between 
the pins and, the gasket and between the connector body and the gasket* The toted thickness 
Of the gasket (s) used shall not exceed .25 inch. The torque applied to the jackscrews 
to seed the. connector shall not fxceed 7*5 inch pounds, ^ < 

3.t SPECIAL PREPARATION OF HERMETIC SEAL SWITCHES 

In order to meet the necessary depth for moisture proofing with the polyurethane 
potting compound, a potting dam should be used. The restraining dam shedl consist 
of: 

a) Any suitable, removable dam or mold used to prevent leakage of the polyurethane 
potting material or 

b) A permanent potting dam, molded from the moisture proofing polyurethane. -— 

3.5 MIXING OF POTTING COMPOUND 

CAUTION: Do not open containers of SCD 1012503-1 and SCD 1012503-2 intil Just prior 
to use. 

3.5.1 Stabilization. Materials in accordance with SCD 1012503-1 and SCD 1012503-2 
shedl be stabilized prior Q t0 mixing at 70 to'85°F where a meucimum pot life of 1 hour is 
mfnuSit San 81 ! e ^ 8l e r at iSr* ^ ere a lawer viscosity is desired and a shorter pot life of 40 
NOTE: Part SCD 10I25O3-I may partially solidify when stored for prolonged periods below 
7 > 5°F. .Whenever this condition is found, loosen lid and warm to 200°+ io&O^Do not heat 
over 210°F. When warming the matericd, use a thermometer to determine the actual 
material temperature. Liquefaction is complete when the material becomes smooth and 
uniform in appearance and looses all signs of graininess. Stirring is essential during 
liquefaction to provide a uniform matericd and to. hasten melting. 

3.5.2 Mixing. After the materials have been stabilized, they shedl be throughly 
mixed by weight as follows: 

SCD 1012503-1 2^.2 grams ± 1J& 

SCD 1012503-2 . 7*. 8 grams ± 1* . 

4? z ... * 6 

• r • (rev I) 
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If other than 100 grams are needed, the material shall be mixed in the same 
proportions. The materials shall be mixed in a metal container having at least twice 
the volume of the material. 

NOTE: After removing a portion of BCD 1012503-2 from a full container, moisture in 
the air in the empty portion of the SCD 1012503-2 container tends to cause the 
remaining material to skin over during extended periods of standing. This material 
may be used by removing the skin. If part SCD 1012503-2 has solidified, it will be 
necessary to liquefy the material before the skin can be removed. 

3.5.3 Degassing. After the materials have been thoroughly mixed, the container and 
contents shallbe placed in a vacuum system. The mixutre shall be degassed until 
foaming subsides (approximately 10 minutes), at an atmospheric pressure equal u> 5 ® 
of mercury or less. Larger quantities will require slightly longer periods for 
degassing. 

3.5.1* Frozen Storage The mixed compound may be stored in the frozen states 
provided the following conditions are met: 

a) The compound be placed in small airtight containers immediately after 

mixing and degassing. 

b) The size of the containers to be used shall be determined by the quantity of 
compound normally used during the pot life specified. 

c) The containers shall be marked by means of a tag, label, or color code to 
identify the date of mixing or expiration date, and to identify the compound. 

d) The closed containers with mixed compounds shall be placed in a freezing 
compartment at a temperature of -UG°F or lower. 

e) The frozen compound shall be warmed to room temperature before opening the 
container to prevent the condensation of moisture on the compound. 

f) The frozen compound ahull be used within one month after the date of mixin g 
and freezing. All frozen compound remaining after one month from the date of 
mi ving shall be discarded. 

3.5.5 The temperature of the mixed materials shall be raised to and maintained 
above 120°F (but not to exceed I85 F) within 30-minutes after mixing or |bawing the 
materials, as applicable. 

3.6 APPLICATION AND CURING OF POTTING COMPOUND 

3.6.1 Hermetic Seal Connectors 

3.6.1.1 Pouring. The mixed, degassed, material shall be poured in a syringe equipped 
with a suitable dispensing equipment. The polyurethane shall be dispensed into the 
open areas of the connector and allowed to flow around the wires of the connector. 

If necessary, the nozzle shall be moved around to insure even coverage. Care shall 
be taken to eliminate voids and air bubbles. After the polyurethane has been applied 
to the connector, a close inspection shall be made for air bubbles. Sufficient 
' air bubbles shall be brought to the surface and broken with a sharp instrument to 
meet the quality assurance provisions of this specification. Prior to curing, the 
wires be held in the approximate position required by the assembly during the 

curing. 
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3.6^1.2 Curing . Cure an specified in paragraph 3*6.2.2s sl 'Xt l-- : * 

3.6,1.3 Tr^"™^"^. After curing, the connector shall be removed from the oven, 

cooled, and any excess flash tr imm ed off* 

3.6.2 Nohhermctic Seal Connectors, 

3.6.2.1 Pouring. Pouring shall be as specified in 3.6.1.1. 

3.6.2.2 Cur^g After the bubbles have been eliminated to meet the quality 
assurance provisions, the harness shall be laced up to the connec or as specified 
on the applicable drawing. The polyurethane shall be cured at a temperature 
within the thermal capabilities of the assembly but not higher than-f-185 F for the 
time required to obtain a shore a hardness of ^5 minutes. The hardness shall be 

determined as follows: , _ _ . .. 

A sample shall be cured slmutaneously with each unit and shall be so placed in the 
oven* to represent the slowest curing area in the assembly. The sample size shall 
be approximately 2 inches in diameter and i inch thick. The sample shall be removed 
from the oven at the same time the assembly is removed from the oven. 

The hardness of these samples shall be checked using a shore a durcmeter or 
equivalent within 15 minutes after their removal from the oven. 

In the event the hardness does not meet the requirements, an evaluation shall 
be made and corrective action taken to prevent recurrence of tne pi^dklem. 

3.6.2.3 »g. Trimming shall be as specified in 3.6.1.3 ♦ 

3.6.2.4 Cleaning The mating connector and gasket shall be removed from the 
potted connector and the contacts in the potted connector shall be cleaned as 
specified in 3.2.1.1.1 to remove all petroleum grease. 

3.6.3 Additional Components. Application, curing and trimming of potted 
materials for additional components shall be as specified in 3<6.1. 
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3.6.4 Hermetic Sealed Switches 

3.6.4.1 Pouring. The polyurethane material shall be poured as 3.6.1.1 
when a removable potting dam is used. Use of a permanent potting dam 
requires addition of polyurethane to the dam before applying the dam to 
the switch. This can be accomplished by using a stainless steel spatula. 

3.6.4.2 Curing cure as specified in paragraph 3*6.2.2. 

3.6.4.3 Tricing. Trimming shall be as specified in 3.6.I.3. 

3.7 Process for potting other Miscellaneous Assemblies 

3.7.1 Cleaning All surfaces to be potted shall be cleaned as a minimum by 
scrubbing with freon TF and isopropyl alcohol. MEK shall not be used on 
assemblies containing PVC components or FVC wire insulation. 

3.7.2 Priming. All metal surfaces to be potted shall be coated with a thin 
uniform layer of primer per 3.2.1.1.2. The primer shall also be applied to the 
edges and areas immediately adjacent to the areas to be potted to assure complete 
adhesion of the potting compound. 

3.7.3 Mixing and Degassing of Potting compound. The potting compound 
av>oi t he mixed and degassed as specified in 3*5• 

3.7.4 Application of potting compound. The assembly to be potted shall be placed 
in the appropriate uold or potting fixture which has been coated with a suitable 
release agent. Release agents shall not be allowed to come into contact with areas 
to be potted. The mixed and degassed potting compound shall be poured into the mold 
or fixture to the desired level. Care should be taken to minimize voids or air 
bubbles. The potting compound shall be inspected after pouring to determine whether 
the majority of the air bubbles have been eliminated. 

3.7.5 Cur^g Cure cub specified in paragraph 3*6.2.2. 

4, Quality Assurance Provisions 

4.1 prior Use Check. Prior to using the material on production hardware, a 1" cube 
Bampke shall be prepared as specified in paragraph §.5.1 cured as specified in 
paragraph 3.6.1.2 and inspected to the requirements of paragraph 4.2. 

4.2 Visual Inspection for components and connectors. Visual inspection shall be 
performed to determine the following: the cured material shall be transparent, and 
gtiftii not exhibit any tackiness, poor adherence, or flashiness. 
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n lot less than 0.018 Inch accumulative total of clear (void free) 
potting^ shall be^reaert betoeen active electrical contact. ®d the 
all other contacts. 

c. ttaused electrical contacts shall be separated by a continuous .all 
of potting. 

jCBPmrnons 

Contact - Any tergal, pin, bare vire, etc., but not including inflated*,.. 
Active Contact - Any contart uhich has viring or circuitry connected to it. 

A 3 Visual Inspection for Miscellaneous Asseablies. Visual inn-ction 

shill be performed to ‘ ^icttoess^ex^ssiv. 

Material except as follows! 

u^isiasrt’s&’K: asyssrfs. 
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3.2.1.1.2 Primer . The primer to be used on metal parts shall be mixed as follows: 6 parts 
by volume of material in accordance with SCD 1012504-1 shall be thoroughly mixed with 1 part 
by volume of material in accordance with SCD 1012504-2 or equivalent weights of 7.25 parts 
of SCD 1012504-1 to 1.00 parts of SCD 1012504-2. The mixture shall be applied evenly, using 
an artists brush or air brush. There shall be no bare metal seen through the primer coating, 
except that inaccessible areas, (i.e. underneath wires making contact with the metal) may be 
left unprimed provided the unprimed area is at least 3/16” from the edge of the metal-potting 
interface (see Figure 9). Primer on wiring shall not be a cause for rejection. The primer 
shall be allowed to dry at room temperature for 1 hour minimum. The primer shall be covered 
by potting within 9 hours after application. (This 9 hours includes a maximum preheat time of 

1 hour). If the coating should become contaminated prior to potting, the primer shall be removed 
using an aliphatic naphtha in accordance with TT-T-291,Grade I or methyl-ethyl-ketone in 
accordance with TT-M-261, and the process repeated. The primer shall not be used after it 
has exceeded its pot life of 4 hours. 

3.2.1.2 Polwinal 

3.2.1.2.1 Cleaning . All polyvinal surfaces shall be cleaned with MEK. In addition, the 
polyvinal surfaces shall be made tacky, through repeated application of the MEK. 

3.2.1.2.2 Primer. When the polyvinal surfaces have become tacky, an even coating or primer 
in accordance with SCD 1012505 shall be applied. This coating shall be allowed to dry for at least 
15 minutes at room ambient temperature. 

3.2.1.3 Diallvll Phthalate 

3.2.1.3.1 Cleaning. All Diallyll Phthalate surfaces shall be cleaned as specified in 3.2.1.1.1. 

3.2.1.4 Polvolefm 

3.2.1.4.1 Cleaning. All polyolefin surfaces shall be cleaned with MEK. In addition, die 
polyolefin surfaces shall be made tacky through repeated applications of MEK. When tacky, 
the polyolefin is ready for potting. 

3.2.1. 5 Teflon 

3.2.1.5.1 Etching. All teflon surfaces shall be prepared in accordance with ND1002146. 

3.2.1.6 Polvimide 

3.2.1.6.1 Cleaning. All polyimide surfaces shall be cleaned as specified in 3.2.1.1.1. 

3.2.1.7 Polyurethane 

3.2.1.7.1 Cleaning . All polyurethane surfaces shall be cleaned as specified in 3.2.1.1.1. 

3.2.1.8 Silicone Rubber SCD 1006720 
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3.6,1.2 Curing Cure as specified in paragraph 3.6.2.2. 


3-6.1.3 Trimming, After curing, tne connector shall be removed from the oven, 

cooled, and any excess flash trimmed off. 

3-6.2 Nohhermetic Seal Connectors. 

3-6.2.1 Pouring. Pouring shall be as specified in 3.6.1.1. 

3-6.2.2 Curing After the bubbles have been eliminated to meet the quality 
assurance provisions, the harness shall be laced up to the connector as specified 
on the applicable drawing. The polyurethane shall be cured at a temperature 
within the thermal capabilities of the assembly but not higher than-f-185 F for the 
time required to obtain a shore A hardness of 4-5 minim uni. The hardness shall be 
determined as follows: 

A sample shall be cured simutaneously with each unit and shall be so placed in the 
oven to represent the slowest curing area in the assembly. The sample size shall 
be approximately 2 inches in diameter and •£ inch thick. The sample shall be removed 
from the oven at the same time the assembly is removed from the oven. 

The hardness of these samples shall be checked using a shore A durometer or 
equivalent within 15 minutes after their removal from the oven. 

In the event the hardness does not meet the requirements, an evaluatibn shall 
be made and corrective action taken to prevent recurrence of tne problem. 

3-6.2.3 Trimming. Trimming shall be as specified in 3.6.1.3 

3-6.2.4 Cleaning The mating connector and gasket shall be removed from the 
potted connector and the contacts in the potted connector shall be cleaned as 
specified in 3-2.1.1.1 to remove all petroleum grease. 

3-6.3 Additional Components. Application, curing and trimming of potted 
materials for additional components shall be as specified in 3.6.1. 
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FIGURE 7 



FIGURE 8 



not be cause for rejection. 


FIGURE 9 
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4.3.1 Microscopic Inspection for Miscellaneous Assemblies. Continuous strings of voids or 
bubbles extending from components, wires, connectors, or terminations are acceptable 
provided they do not come closer than 1/64 inch from the surface of the potting compound. 

Surface voids or bubbles 1/16 inch or larger are not acceptable. The potting compound shall 
not contain voids or bubbles below the surface which are larger than 1/4 inch in diameter, 

or an agglomeration of voids or bubbles larger than 1/4 inch in diameter. 

4.3.2 Rework. Rework of the cured potting compound without prior authorization is permissible 
provided no potting compound is removed from the assembly (except 1/64" maximum surface 
film). 


4.3.2.1 Curing of Rework. Reworked potting compound shall be cured per paragraph 3.6.2.2. 

5. PREPARATION FOR DELIVERY. None. 

6. NOTES 

6.1 Intended Use. This material is intended for use as a potting material for the potting 
of electronic components. 

6.2 Storage Life. The storage life of the unopened cans is 6 months when stored at 
temperatures below 80°F. 

6.3 Precaution. All materials mentioned herein should be kept away from heat, sparks, 

and flames. After the use of these materials, hands should be washed with a waterless cleaner 
followed by soap and water, prior to eating or smoking. Avoid breathing vapors or prolonged 
contact with the skin, contact with open breaks in the skin, and ingestion. These materials 
should be used in areas of adequate ventilation. 
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If other than 100 grams are needed, the material shall be mixed in the same 
proportions. The materials shall be mixed in a metal container having at least twice 
the volume of the material. 

NOTE: After removing a portion of SCD 1012503-2 from a full container, moisture in 
the air in the empty portion of the SCD 1012503-2 container tends to cause the 
remaining material to skin over during extended periods of standing. This material 
may be used by removing the skin. If part SCD 1012503-2 has solidified, it will be 
necessary to liquefy the material before the skin can be removed. 

3.5.3 Degassing. After the materials have been thoroughly mixed, the container and 
contents shall be placed in a vacuum system. The mixture shall be degassed until 
foaming subsides (approximately 10 minutes), at an atmospheric pressure equal to 5 
of mercury or less. Larger quantities will require slightly longer periods for 
degassing. 

3.5.4 Frozen Storage The mixed compound may be stored in the frozen state, - 
provided the following conditions are met: 

a) The compound shall be placed in small airtight containers immediately after 

mixing and degassing. 

b) The size of the containers to be used shall be determined by the quantity of 
compound normally used during the pot life specified. 

c) The containers shall be marked by means of a tag, label, or color code to 
identify the date of mixing or expiration date, and to identify the compound. 

d) The closed containers with mixed compounds shall be placed in a freezing 
compartment at a temperature of -^0 F or lower• 

e) The frozen compound shall be warmed to room temperature before opening the 
container to prevent the condensation of moisture on the compound. 

f) The frozen compound shall be used within one month after the date of mixing 
and freezing. All frozen compound remaining after one month from the date of 
mixing shall be discarded. 

3.5.5 The temperature of the mixed materials shall be raised to and maintained 
above 120°F (but not to exceed 185 F) within 30 minutes after mixing or thawing the 
materials, as applicable. 

3.6 APPLICATION AND CURING OF POTTING COMPOUND 

3.6.1 Hermetic Seal Connectors 

3.6.1.1 Pouring. The mixed, degassed, material shall be poured in a syringe equipped 
with a suitable dispensing equipment. The polyurethane shall be dispensed into the 
open areas of the connector and allowed to flow around the wires of the connector. 

If necessary, the nozzle shall be moved around to insure even coverage. Care shall 
be taken to eliminate voids and air bubbles. After the polyurethane has been applied 
to the connector, a close inspection shall be made for air bubbles. Sufficient 
air bubbles shall be brought to the surface and broken with a sharp Instrument to 
me;et the quality assurance provisions of this specification. Prior to curing, the 
wires shall be held in the approximate position required by the assembly during the 
curing. 
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4.1.1 Unless otherwise specified, the potting shall be considered 
adequate providing that the following conditions are met: 

A. Not less than 0.060 inch or 1 % of the total distance, whichever is 
larger, accumulative total of clear (void free) potting shall be present 
between electrical contacts and the exterior surface of the potting. 

B. Not less than 0.018 inch accumulative total of clear (void free) 
potting shall be present between active electrical contacts and the 
all other contacts. 

C. Unused electrical contacts shall be separated by a continuous wall 
of potting. 

DEFINITIONS 

Contact - Any terminal, pin, bare wire, etc., but not including insulated wire, 
Active Contact - Any contact which has wiring or circuitry connected to it. 

4.2 Visual Inspection for Miscellaneous Assemblies. Visual inspection 

shall be performed to detemine the following: The cured material 
shall he transparent, and shall not exhibit any tackiness or excessive 
flash. Flash in inside corners shall not exceed l/l6 inch (Figure 7)/ 

There shall be adherence between the potting compound and the part in 
all areas as viewed under 10 power magnification through the potting 
material except as follows: 

A. In the case of flash in inside corners, lack of adherence is 
permissible for the width of any remaining flash, per Figure 7. 

B, In the case of an external vorner where a meniscus exists, lack of 
adherence is permissible for the height of the meniscus,per Figure 8. 


Rev. E. 
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3. Requirements 

3.1 Material and Equipment 

3.1.1 Materials . The following materials listed in this section shall be used: 

a. Polyurethane Potting Compound System in accordance with SCD 1012503. 

B. Primer for Metal Parts in accordance with SCD 1012504 

C. Primer for Polyvinal Chloride Parts in accordance with SCD 1012505* 

d. Methyl Ethyle Ketone (MEK) in accordance with TT-M-261. 

e. Freon T.F. . 

f. Light Aliphatic Naphtha TT-T-291, Grade I. 

g. Petroleum grease in accordance with MIL-G-2 3^27 . 

h. Primer for Silicone Rubber, Parts in accordance with SCD 1010900. 

U Isopropyl Alcohol 

3.1.2 Equipment . Tne following equipment listed in the specification shall be used: 
a. Artist's Brush or air brush 

v> t i free " f 'lc*’h. 

c. Vacuum system capable of producing an atmospheric pressure equal to 5 mm of 
mercury or less. 

d. Injector syringe with proper size nozzle* or dispensing equipment 

e. 1 Controlled temperature hot air oven or infrared oven 

f. Cotton swabs. 

g. Balance capable of weighing to 0.1 grams accuracy. 

h. Metal or glass containers for mixing. 

i. Metal spatula - ' ... 

3.2 POTTING OF COMPONENTS 

3.2.1 Preparation of Surface . 

3.2.1.1 Metal 

3.2.1.1.1 Cleaning . All surfaces shall be cleaned of grease, oil, wax and foreign 
material, using MEK and lint free cloth or with cotton swabs dipped ?n MEK. However, 
ejqposure of the parts to the MEK beyond the time necessary to property clean shall be 
avoided. If metal surfaces are so oriented that the solvent cleaning process results in 
contacting materials that are not compatible with MEK, Isopropyl alcohol shall be sused as the 
cleaning solvent. After solvent cleaning, flush the surfaces with freon. 
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3. Requirements 
‘ 3.1 Material and Equipment 

-j 

3.1.1 Materials . The following materials listed in this section shall be used: 

a. Polyurethane Potting Compound System in accordance with SCD 1012503. 

b. Primer for Metal Parts in accordance with SCD 1012504 

c. Primer for Polyvinyl Chloride Parts in accordance with SCD 1012505. 

d. Methyl Ethyl Ketone (MEK) in accordance with TT-M-261. 

e. Freon T. F. 

f. Light Aliphatic Naphtha TT-T-291, Grade I. 

g. Petroleum grease in accordance with MIL-G-23827. 

h. Primer for Silicone Rubber, Parts in accordance with SCD 1010900.. 

i. Isopropyl Alcohol 

j. Ethyl alcohol 

3.1.2 Equipment . The following equipment listed in the specification shall be used: 

a. Artist's Brush or air brush 

b. Oil free, lint free cloth 

c. Vacuum system capable of producing an atmospheric pressure equal to 5 mm of 
mercury or less. 

d. Injector syringe with proper size nozzle, or dispensing equipment 

e. 1 Controlled temperature hot air oven or infrared oven 

f. Cotton swabs < 

g. Balance capable of weighing to 0.1 grams accuracy. 

h. Metal or glass containers for mixing. 

i. Metal spatula 

3.2 POTTING OF COMPONENTS 

3.2.1 Preparation of Surface . 

3.2.1.1 Metal 

3.2.1.1.1 Cleaning. All surfaces shall be cleaned of grease, oil, wax and foreign material, 
using MEK and lint free cloth or with cotton swabs dipped in MEK. However, exposure of the 
parts to the MEK beyond the time necessary to properly clean the parts shall be avoided. If metal 
surfaces are so oriented that the solvent cleaning process results in contacting materials that 

are not compatible with MEK, isopropyl alcohol shall be used as the cleaning solvent except 
for polysulfone surfaces which shall be cleaned with ethyl alcohol. After solvent cleaning, 
flush the surfaces with Freon TF* . 
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3.6.4 ttermstlc 9oftlfid.gwlte.to 

3.6.4.1 Pouring . Hie polyurethane material shall be poured as 3.6.1.1 when a removable 
potting dam is used. Use of a permanent potting dam requires addition of polyurethane to the 
dam before applying the dam to the switch. Ibis can be accomplished by using a stainless 
steel spatula. 

3.6 . 4.2 Curing . Cure as specified in paragraph 3.6 . 2.2. 

3.6.4.3 Trimming . Trimming shall be as specified in 3.6.1.3. 

3.7 Process for petting other miscellaneous Assemblies. 

3.7.1 Cleaning . All surfaces to be potted shall be cleaned as a minimum by scrubbing with freon 
TF and isopropyl alcohol. MEK shall not be used on assemblies containing PVC components or 
PVC wire insulation. 

3.7.2 Priming. All metal surfaces to be potted shall fate coated with a thin uniform layer or primer 
per 3.2.1. i. 2. The primer shall also be applied to the edges and areas Immediately adjacent to 
the areas to be potted to assure complete adhesion of the potting compound. 

3.7.3 Mixing and Degassing of Potting Comtwmrf. The potting compound shall be mixed and 
degassed as specified in 3.5. 

3.7.4 Applicatio n of Potting Compound. The assembly to be potted shall be placed in the 
appropriate mold or potting fixture which has been coated with a suitable release agent. Release 
agents shall not be allowed to come into contact with areas to be potted. The mixed and degassed 
potting compound shall be poured into the mold or fixture to the desired level. Care should be 
taken to minimise voids or air bubbles. The potting compound shall be inspected after pouring to 
determine whether the majority of the air bubbles have been eliminated.so that final quality 
assurance provisions can be met. 

3 . 7.6 Curing . The polyurethane shall be cured at a temperature within the thermal capabilities 
of the assembly but not higher than +185*F. The polyurethane shall be cured to a hardness of 60 
Shore A minimum. Hardness evaluation shall be determined as specified in 3.6.2.2 except that 
the hardness reading shall be made 15 seconds after the durometer is applied to the test sample* 

3.8 Rework. Rework of the cured potting compound without prior authorization is permissible 
provided no potting compound is removed from the assembly (except 1/64" maximum surface film). 

3.8.1 Curing of Rework. Reworked potting compound shall be cured per paragraph 3.6.2.2 or 
paragraph 3.7.5 as required. 

4. Quality Assurance Provisions 

4.1 Visual Inspection for Components and Connectors. Visual Inspection shall be performed to 
determine the following: Tthe cured material shall be transparent, and shall not exhibit any 
tackiness, poor adherence, or flashiness. 

NOTE: The cured material shall be considered transparent if parts or surfaces normally visible 
prior to potting can be seen through the potting compound after processing the parts in accordance 
with this specification. Haze in the material is acceptable provided the above requirements n 
are met. 
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• POLYURETHANE POTTING OF ELECTRICAL CONNECTORS 


The purpose of this document is to establish the process requirements 
of the Polyurethane potting of electrical connectors for use in APOLLO 
Guidance and Navigation Equipment. 
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PROCESS SPECIFICATION 
BONDING OF SILICONE RUBBER GASKETS 
TO NYLON CONNECTOR BUSHINGS 

1. SCOPE 

1.1 PURPOSE. This specification establishes Hie minimum requirements for the bonding 
of silicone rubber gaskets to nylon connector bushings. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents of the issue in effect on the date of 
invitation for bids form a part of this specification to Hie extent specified herein, 

SPECIFICATIONS 

Military 

MIL-A-25457 Adhesive* Air-Drying* Silicone Rubber 

DRAWINGS 

APOLLO GAN 

1010718 Primer* Adhesive AiivDrying Silicone Rubber 

PUBLICATIONS 

National Aeronautics and Space Administration 

NPC 200-2 NASA Quality Publication* Quality Program 

Provisions for Space System Contractors 
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3. REQUIREMENTS 

3.1 GENERAL. The provisions of this specification shall be applicable to all phases of 
bonding of silicone rubber gaskets to nylon connector bushings to the extent specified herein. 
Specific requirements or provisions not covered by this specification shall be as specified 

on the applicable drawing or purchase order. In the event of conflict between the requirements 
of the applicable drawing, this specification and other documents cited herein, the requirements 
of the applicable drawing, this specification and other documents specified herein shall govern 
in that order. 

3.2 MATERIAL 

3.2.1 Silicone Primer . The silicone primer to be used to coat the nylon surfaces to be bonded 
‘ shall be in accordance with Drawing 1010718. (see 6.2). 

3.2.2 Adhesive . The adhesive shall meet the requirements of Specification < MIL-A-25457. 

3.3 PROCESS 

3.3.1 Surface Preparation 

3.3.1.1 Cleaning . All surfaces to be bonded shall be thoroughly cleaned with a solvent such 
as toluene or xylene and allowed to air dry. Molded rubber gaskets shall be sanded lightly 
prior to cleaning to remove any residual release agent picked up from the mold. 

3.3.1.2 Priming . After cleaning, file nylon bushing surfaces to be bonded shall be primed 
using the material specified in 3.2.1; the primer shall be applied fay spraying, brushing or wiping 
and shall be allowed to air-dry for at least 30 minutes 

3.3.1.3 Mixing of Adhesive . Immediately prior to application, the adhesive and its associated 
catalyst shall be thoroughly mixed to obtain a uniformly dispersed mixture (see 6.3); the com¬ 
ponents shall be mixed in the ratio of 4.5 parts-by-weight of catalyst to 100 parts-by-weight of 
adhesive. The mixture has a pot life of 4 to 8 hours (see 6.4). 

3.3.1.4 Application of Adhesive. The adhesive shall be applied by brushing onto both surfaces 
of the materials to be bonded; a uniform film of approximately 10 mils shall be applied to each 
surface. The coated surfaces shall then be allowed to set for approximately 30 minutes to allow 
the solvent to evaporate and the adhesive to attain a tacky firm set. . 

3.3.1.5 Fitting of Parts . After the adhesive has set, the silicone rubber gasket shall be 
fitted over the connector pins with the beveled insertion edges down, and firmly pressed onto 
the nylon connect or bushing as shown in Figure 1. 
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